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7KH DUWLFOH LV RUJDQL]HG DV IROORZV 6HFWLRQ  GHVFULEHV WKH PDUNHW VWUXFWXUH DQG WKH
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6HFWLRQ  VWXGLHV WKH PHDQYDULDQFH SRUWIROLR VHOHFWLRQ SUREOHP 6HFWLRQ  LQYHVWLJDWHV
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H[DPSOH WKDW WLPH FRQVLVWHQF\ LV RI WKH HVVHQFH IRU DQ HsFLHQW VWUDWHJ\ 6HFWLRQ  FRQFOXGHV
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ZH SUHVHQWHG RXU UHVXOWV LQ WKH ,QWURGXFWLRQ $QRWKHU PRWLYDWLRQ IRU WKH XVH RI D JHQHUDO
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ZHLJKW K DW WLPH 7 PD\ EH GLpHUHQW IURP RQH 7
￿ Q :H GHQRWH 1 WKH 0RRUH3HQURVH JHQHUDOL]HG LQYHUVH RI D V\PPHWULF PDWUL[ 1 LQ 5 , d
Q ￿￿ 5 , 7 K HP D W U L [1 LV LWVHOI V\PPHWULF FRPPXWHV ZLWK 1  DQG VDWLVqHV
￿ 11 1   1 
￿￿ ￿ 11 1   1 
￿ ,I 1 LV D UDQGRP PDWUL[ PHDVXUDEOH ZLWK UHVSHFW WR )  WKHQ 1   LV GHqQHG IRU HYHU\  W
￿ LQ o DQG 1 LV DOVR PHDVXUDEOH ZLWK UHVSHFW WR )  W
3 URSRVL WL RQ  7KH DGDSWHG SURFHVV K GHqQHG E\ WKH EDFNZ DUG HTXDWLRQ
uv b￿ GHI ￿ ￿ ￿ K   S1 S  WW WW
ef GHI ￿ ￿ ZL W K 1   (K   IR U   W  7 b LV ZHOOGHqQHG3 DO P RVW VXUHO \ SRVLWLYH WW W ￿￿ W￿￿ W￿￿ S ￿ Q DQG VDWLVqHV  / 3 K  5 ,  IRU HYHU\ SHULRG W EHWZ HHQ  DQG 7 DVVRRQ DVWKH I RO O RZL QJ WW W
WZ R FRQ GLWLRQ V DUH P HW
S ￿ Q D   / 3 K  5 ,  77
S ￿ Q E G  / 3 K  5 ,  IRU HYHU\ SHULRG W ZL W K   W  7 b  WW W
￿6HH 7KHL OI RUD JHQHUDOGHVFUL SWL RQ RIWKH 0 RRUH 3HQURVH L QYHUVH
7 KH IROO RZLQJ SURSHUWLHV WKHQ KRO G
￿ L )RU HYHU\ G\QDP LF SRUWIROLR ; ; WKH SURFHVV IKZ;  J LV D VX EP D UWLQ  W￿7 V V W￿V￿7
JDO HWKDW LVIRU HYHU\ SHULRG V ZL W K W  V  7 b  ZHKDYH
KL K L
￿￿ ￿ KZ;   (K Z ;   (K Z ;   VV V V ￿￿ V￿￿ V7 7
LL 7 K H VHW ; LV WKH VHWRIVHO IqQDQFLQJ G\QDP LF SRUWIRO L RV VWDUWLQJ DWWLP H W VXFK WKDW W￿7
S ￿ Z ;   / 3 K  IRU HYHU\ SHULRG W  V  7  VV V
S ￿ LLL 7 K H VHW Z ;  LV FORVHG LQ / 3 K  7W ￿ 7 7
$ O W K R X J KW K HS U R R IR I3 U R S R V L W L R QF D QE HI R X Q GL QW K HD S S H Q G L [ Z HU H S R U WK H U HD Q
LPSRUWDQW OHPPD ZKLFK SOD\V D FHQWUDO UROH LQ WKLV SURRI
/ H PPD/HW i EH D  DO JHEUD RQ WKH SUREDELO LW\ VSDFH o3 / H W +  ) D Q G* EH
Q UDQGRP YDULDEO HV DQG p DQG = EH D UDQGRP YHFWRUV LQ 5 , Z KLFK VD WLVI\ WKH IROOR Z LQ J WKUHH
FR Q GLWLR Q V
D p LV P HDVXUDEOH Z LWK UHVSHFW WR i DQG ERWK p DQG = DUH 3 DO P RVWVXUHO\ GLpHUHQWIURP
WKH ]HUR YHFWRU
Q ￿ E )RU HYHU\ YHFWRU [ LQ 5 , P HDVXUDEO H ZL WK UHVSHFWWR iW KHH T XDO L W \=[ LP S OLHV
￿ p[  
SS
￿ Q ￿￿ F +! DQG += / 3  5 ,  +) / 3  *  / 3 
GHI ￿ ￿ ,I Z H GHQRWH 1   ( >+==Mi@ WK HQ WKH IR OORZ LQ J S UR SHUWLHV K ROG 
Q ￿￿ ￿ L ( YHU\ UDQGRP YHFWRU [ LQ 5 , P HDVXUDEO H ZL WK UHVSHFWWR i VDWLVqHV =[  =1 1[ 
￿ ￿ ￿ LL p   11 pDQG p1 p!
Q LLL ( YHU\ UD Q GR P YHFWRU [ LQ 5 , P HDVXUDEO H ZLWK UHVSHFWWR i VDWLVqHV
KL cd c d ￿￿ ￿￿ KI b p[  J  (+) b =[  * Mi 
ZL W K
cd b￿ GHI ￿ ￿ ￿ K   p1 p
GHI ￿ ￿ ￿ I   p1 (>+)=Mi@
KL ef GHI ￿ ￿ ￿ ￿ J   ( >* Mi@  (+ )Mi b (+ ) = Mi 1( >+)=Mi@ 
" LY ( TXDO LW\ REWDLQV LQ ,QHTXDO LW\  IRU [   [ Z  ZL W K
GHI ￿ " ￿￿ [ Z  K Z b I 1p  1( >+)=Mi@ 
ZKH U HZ LV DQ\ UDQGRP YDULDEO H P HDVXUDEO H ZLWK UHVSHFW WR i
S
￿￿ Y J w ( >* Mi@ J LV LQ / 3 DQG KI LV LQ / 3 
&RQGLWLRQ E RI3URSRVLWLRQ  LQYROYHV WKH YDULDEOH K ZKLFK LV GHULYHG UHFXUVLYHO\ WKURXJK W
(TXDWLRQ  7KH IROORZLQJ OHPPD JLYHV D VXsFLHQW FRQGLWLRQ LQ WHUPV RI WKH qQDO ZHLJKW
K RQO\ 7
S ￿ Q / H PPD,I  LV DQ HOHP HQW RI / 3 K  5 ,  & RQGLWLRQ D RI3URSRVLWLRQ WKHQ 77
S ￿ Q G EHORQJV WR / 3 K  5 ,  IRU HYHU\ SHULRG W IURP  WR 7 b  &RQGL WL RQ E RI3URSR WW W
NN VLWLRQ  LI RQH VHFXULW\ VD\ 6HFXULW\ N SD \V Q R GLYLGHQ G DQ G LV VX FK WKD W S SG LV D Q W W 7 S ￿ Q HO HP HQW RI / 3 K  5 ,  IRU HYHU\ SHULRG W IUR P  WR 7 b  7
)RU WKH UHPDLQGHU RI WKH DUWLFOH ZH DVVXPH WKDW &RQGLWLRQV D DQG E RI 3URSRVLWLRQ 
DUH VDWLVqHG VR WKDW WKH UHVXOWV RI WKLV SURSRVLWLRQ DSSO\
$V V X PS W L R Q& RQGLWLRQV D DQG E RI 3 URSRVLWLRQ  DUH VDWLVqHG
:H UHPDUN WKDW WKH SURRI RI 3URSRVLWLRQ  \LHOGV WZR HTXDWLRQV WKDW ZLOO SURYH XVHIXO
)RU HYHU\ SHULRG W E H W Z H H QD Q G 7 b 
￿ S   11 S  WWW W
DQG IRU HYHU\ SRUWIROLR ; LQ ; DQG HYHU\ SHULRG V EHWZHHQ W DQG 7 b  W￿7
￿￿ ￿ Z ;  ;   1 1 ;   V￿￿ VV V V￿￿ V￿￿ V
3URSRVLWLRQ  VKRZV WKDW K DFWV DV D ZHLJKW ZKLFK UHJXODUL]HV WKH SULFHV DQG WKH YDOXHV
RI WKH VHOI qQDQFLQJ SRUWIROLRV LQ ; HYHU\ SHULRG RQFH ZH PXOWLSO\ WKHVH SURFHVVHV E\ WKH W￿7
VTXDUH URRW RI K  WKH\ DOO KDYH qQLWH VHFRQG PRPHQWV HYHU\ SHULRG 7KH XVH RI D JHQHUDO
ZHLJKW K DW WLPH 7 DOORZV XV WR WUHDW V\PPHWULFDOO\ WKH qQDO KRUL]RQ DQG HDUOLHU WUDGLQJ 7
SHULRGV
6FKZHL]HU  DQG 0RWRF]\QVNL  VWXG\ G\QDPLF VHOI qQDQFLQJ SRUWIROLRV ZKRVH
HQWLUH YDOXH SURFHVVHV KDYH qQLWH VHFRQG PRPHQWV DW HYHU\ SHULRG 6FKZHL]HU  H[KLELWV
LQ WKLV VHWWLQJ DQ H[HPSOH GXH WR : 6FKDFKHUPD\HU ZKHUH FRQWUDU\ WR RXU UHVXOW WKH VHW RI
￿ qQDO YDOXHV RIVHOIqQDQFLQJ SRUWIROLRV LV QRW FORVHG LQ / 3  ,Q RUGHU WR GHULYH WKDW WKLV VHW
LV FORVHG 6FKZHL]HU  LQWURGXFHV D NH\ UHJXODULW\ DVVXPSWLRQ FDOOHG WKH QRQGHJHQHUDF\
FRQGLWLRQ ZKLFK LQ RXU VHWWLQJ FRUUHVSRQGV WR UHTXLULQJ WKDW WKH SURFHVV  K EH ERXQGHG
0RWRF]\QVNL  JHQHUDOL]HV WKLV DSSURDFK IURP RQH WR VHYHUDO ULVN\ VHFXULWLHV :KHQ
WKLV FRQGLWLRQ LV VDWLVqHG ZH UHPDUN WKDW RXU DQDO\VLV \LHOGV SULFHV DQG SRUWIROLR YDOXHV LQ
￿ / 3  HYHU\ SHULRG DV ZHOO DQG ZH UHFRYHU WKHLU UHVXOW :KHQ  K LV QRW ERXQGHG KRZHYHU
￿ ZH VWLOO REWDLQ WKDW Z ; L VF O R V H GL Q/ 3  E\ GURSSLQJ WKH UHTXLUHPHQW RQ WKH VHFRQG 7W ￿ 7
PRPHQWV SULRU WR WKH qQDO KRUL]RQ
:H DUH QRZ UHDG\ WR VWXG\ WKH SURSHUWLHV RIWKH VHOIqQDQFLQJ SRUWIROLRV LQ ; : H V W D U W W￿7
ZLWK WKH UHSOLFDWLRQ RI D FRQWLQJHQW FODLP LQ 6HFWLRQ  DQG ZH SURFHHG ZLWK WKH VHOHFWLRQ
RI DQ HsFLHQW SRUWIROLR LQ 6HFWLRQ  ,Q ERWK FDVHV ZH VKDOO FRQVLGHU DV ORVV RU REMHFWLYH
S ￿ IXQFWLRQ DW WLPH 7 WKH QRUP RI / 3 K  ZKLFK LV ZHOO GHqQHG IRU SRUWIROLRV LQ ; $ V 7W ￿ 7
PHQWLRQHG DERYH WKH JHQHUDO SRVLWLYH ZHLJKW K WUHDWV V\PPHWULFDOO\ WKH qQDO KRUL]RQ DQG 7
LQWHUPHGLDWH WUDGLQJ SHULRGV 7KLV ZLOO SURYH XVHIXO DV ZH VWXG\ ODWHU WKH HpHFW RI D FKDQJH
RI LQYHVWPHQW KRUL]RQ
 2 SWL PDO 5 HSOL FDWL RQ
7KLV VHFWLRQ LQYHVWLJDWHV WKH UHSOLFDWLRQ SURSHUWLHV RIWKH VHOIqQDQFLQJ G\QDPLF SRUWIROLRV
:H qUVW VKRZ KRZ WR FRQVWUXFW D G\QDPLF VWUDWHJ\ ZKLFK EHVW UHSOLFDWHV D FODLP ) DW 7
S ￿ KRUL]RQ 7 IRU WKH QRUP RI / 3 K  VWDUWLQJ IURP D ZHDOWK Z DW WLPH W: H W K H Q W 7
VWXG\ WKH FRVW RI WKH RSWLPDO UHSOLFDWLRQ DQG ZH VKRZ WKDW WKH YDOXH SURFHVV RI WKH RSWLPDO
VROXWLRQ LV XQLTXH :KHQ WKH qQDO SD\Rp ) LV ]HUR ZH REWDLQ DV D VSHFLDO FDVH WKH 7
￿ PLQLPXP / SRUWIROLR ZKLFK LV WKH KHGJLQJ QXPHUDLUH XVHG E\ *RXULHURX[ HW DO 
:H LQWURGXFH LQWHUHVW UDWHV E\ PHDQV RI GHIDXOW IUHH ]HUR FRXSRQ ERQGV :H SURYH WKDW K LV
WKH ODUJHVW SURFHVV ZKLFK UHJXODUL]HV WKH YDOXH SURFHVV RI G\QDPLF SRUWIROLRV LQ ; DQG ZH W￿7
UHODWH RXU ZRUN ZLWK WKH FRQFHSW RI YDULDQFHRSWLPDO VLJQHG PDUWLQJDOH PHDVXUH LQWURGXFHG
E \6 F K Z H L ] H U       6 L Q F HE R W KL Q W H U H V WU D W H VD Q GW K HU H S O L F D W L R QV W U D W H J \D U HQ X P H U D L U H
VHQVLWLYH LW LV QDWXUDO WR LQYHVWLJDWH WKH HpHFW RI D FKDQJH RI QXPHUDLUH
  & RQVWUXFWL RQ RIDQ 2 SWL P DO5 HSO L FDWL RQ
7KH RSWLPDO UHSOLFDWLRQ VWUDWHJ\ RI D SD\Rp ) LV REWDLQHG E\ D WZR VWHS SURFHGXUH :H 7
qUVW FRQVWUXFW D SURFHVV ) E\ EDFNZDUG LQGXFWLRQ ZKLFK UHSUHVHQWV WKH RSWLPDO YDOXH RI WKH
UHSOLFDWLRQ :H WKHQ XVH ) LQ RUGHU WR EXLOG DQ RSWLPDO KHGJLQJ VWUDWHJ\ LQ D IRUZDUG DQG
SDWK GHSHQGHQW ZD\
3 URSRVL WL RQ  )RU HYHU\ SHULRG W VXFK WKDW  W  7 b IRU HYHU\ LQLWLDOZHDO WK Z LQ W
S S ￿￿ / 3 K DQG IRU HYHU\ SD\Rp ) LQ / 3 K  W 77 W
z KL u v ￿ ￿ W￿Z ￿) ￿ W 7 HVVLQI(K ) b Z ;    (K) b Z ;   K ) b Z  J W 7 77 W 7 77 W W W W

  ; ; W￿7 V W
 Z ;  Z WW
GHI ￿ ) DQG J DUH GHqQHG E\ EDFNZDUG LQGXFWLRQ E\ J  DQG I RU W  V  7 b  WW 7
GHI ￿ ￿ ￿ )   S1 ( >K)@  VV V ￿￿ V￿￿ V￿￿ VV
KL ef GHI ￿ ￿ ￿ ￿ J   ( >J @(K ) b (K )  1( >K)@  VV V ￿￿ VV ￿￿ VV ￿￿ V￿￿ VV ￿￿ V￿￿ V￿￿ V￿￿ V￿￿ V
S ￿ )RU HYHU\ SHULRG V EHWZ HHQ WLP H W DQG 7 b  )  / 3 K  J L V P HDVXUDEO H ZL WK VV V V
￿ W￿Z ￿) W 7 UHVSHFW WR )  J  / 3 DQGJ w  7 KH G\QDP L F SRUWIRO LR ; LV GHqQHG UHFXUVLYHO\ VV V
E\
GHI ￿ W￿Z ￿) ￿￿ W 7 ;   K Z b ) 1S  1( >K)@   WW W W WW ￿￿ W￿￿ W￿￿ WW W
uv
GHI ￿ W￿Z ￿) W￿Z ￿) ￿ ￿￿ W 7 W 7 ;   K ; b )1S  1( >K)@   VV V V V ￿￿ V￿￿ V￿￿ VV V V Vb￿
W￿Z ￿) W 7 Q IRU W   V  7 b D Q GD WW L PH7 ZH O H W; EH DQ\ UDQGRP YHFWRU L Q 5 , 7
W￿Z ￿) W￿Z ￿) WW ￿ 7 ￿ 7 P HDVXUDEO H ZLWK UHVSHFW WR ) VXFK WKDW S;   ;  7 KH G\QDP LF SRUWIRO LR 7 77 77 b￿
W￿Z ￿) W 7 ; EHORQJV WR ; V W DU W VDWW L PHW Z LWK LQ LWLD O Z HD OWK Z DQG V DW L V qHV W￿7 W
z uv u v ￿￿ W￿Z ￿) W￿Z ￿) WW 77 (K) b Z ;   K) b Z ;  J  VV V V V 77 7
IRU HYHU\ SHULRG V EHWZ HHQ W DQG 7 
S DE ￿ DE ,W LV HDVLO\ FKHFNHG WKDW LI )  ) D Q G) DUH LQ / 3 K  LI Z  Z D Q GZ DUH LQ 77 W WW 77 SS ￿ ￿ / 3 K  DQG LI r LV PHDVXUDEOH ZLWK UHVSHFW WR ) ZLWK r) LQ / 3 K D Q GrZ WW W W 7 7 W W W S ￿ LQ / 3 K  WKHQ W W
DD EE D ED E W￿Z ￿) W￿Z ￿) W￿Z ￿ Z￿ )￿ ) WW W W W 77 7 ;  ;   ; 
W￿Z ￿) W￿r Z ￿r ) WW W W 77 r;   ;  W
,W LV FOHDU IURP 3URSRVLWLRQ  WKDW WKH RSWLPL]DWLRQ SURJUDP
KL
￿ HVVLQI(K ) b Z ;  W 77 7
V W ; ; W￿7
W￿) ￿) W 7 LV VROYHG LQ ; ZLWK J DV RSWLPDO YDOXH 7KH LQLWLDO YDOXH ) FDQ EH VHHQ DV WKH LQLWLDO WW
FRVW RI WKH EHVW UHSOLFDWLRQ VWUDWHJ\ ZKLOH J GHVFULEHV WKH TXDOLW\ RI WKLV UHSOLFDWLRQ W
)RU D SHULRG V EHWZHHQ W DQG 7  WKH UDQGRP YDULDEOHV ) DQG J DUH GHULYHG E\ EDFNZDUG VV
LQGXFWLRQ IURP WKH SD\Rp ) DQG WKH\ GR QRW GHSHQG RQ WKH VWDUWLQJ WLPH W 7KH\ DUH 7
IXUWKHUPRUH UHVSHFWLYHO\ OLQHDU DQG TXDGUDWLF LQ WKH SD\Rp )  7KHVH UHPDUNV DOORZ XV WR 7
FRQVWUXFW D OLQHDU RSHUDWRU 4 DQG D TXDGUDWLF RSHUDWRU * IRU HYHU\ SHULRG W EHWZHHQ  DQG WW
S ￿ 7 IURP WKH VSDFH RI UDQGRP YDULDEOHV LQ / 3 K  WR WKH VSDFH RI UDQGRP YDULDEOHV PHD 7
GHI ￿ GHI ￿ VXUDEOH ZLWK UHVSHFW WR ) VXFK WKDW 4 )  ) DQG * )  J  DV GHqQHG UHFXUVLYHO\ WW W W W 77
S ￿ LQ 3URSRVLWLRQ  7KLV SURSRVLWLRQ VKRZV WKDW 4 ) E H O R Q J VW R/ 3 K Z K L O H* )  WW 77 7 W
￿ LV DQ HOHPHQW RI / 3  $W WLPH 7 W K HR S H U D W R U V4 DQG * DUH WULYLDOO\ UHVSHFWLYHO\ WKH 77
LGHQWLW\ DQG WKH QXOO RSHUDWRU (TXDWLRQ  RI 3URSRVLWLRQ  ZULWHV
z uv u v ￿￿ W￿Z ￿) W￿Z ￿) WW 77 * )  (K) b Z ;  b K4 )  b Z ;  V7 V 7 7 7 V V7 V
S ￿ IRU DQ\ LQLWLDO ZHDOWK OHYHO Z LQ / 3 K  ,Q SDUWLFXODU IRU V   W DQG Z   4 ) Z H WW W W 7 W
REWDLQ z uv ￿ W￿4 ￿) ￿￿) W 77 * )  (K) b Z ;    W7 W 7 7 7
7KH IROORZLQJ OHPPD OLVWV VRPH SURSHUWLHV RI WKHVH RSHUDWRUV
/ H PPD/HWV DQG W EH WZ R SHULRGV VXFK WKDW W  V  7 O H W) DQG Z EH WZ R UDQGRP 7W
S S ￿￿ YDULDEO HV UHVSHFWLYHO \ LQ / 3 K  DQG L Q / 3 K  7W W
L )RU HYHU\ G\QDP LF SRUWIROLR ; LQ ;  4 Z ;    Z ;  W￿7 V 7 V
LL * )  LI D Q G RQ O\ LI )  Z ;  W 7 7 7 W￿7
ef W￿Z ￿￿ W￿Z ￿￿ WW LLL KZ; 4 )  (K Z ; )  VV V 7 V 7 7 7
LY )RU HYHU\ G\QDP LF SRUWIRO L R ; LQ ;  V￿7
uv K u v L
W￿Z ￿) W￿Z ￿) WW 77 K4 )  b Z ;  Z ;  (K) b Z ;  Z ;   VV 7 V V V 77 7 7
3URSHUWLHV L DQG LL VLPSO\ VWDWH WKDW H[DFW UHSOLFDWLRQ FDQ RQO\ EH DFKLHYHG IRU D
FRQWLQJHQW FODLP ZKLFK LV WKH qQDO YDOXH RID VHOIqQDQFLQJ SRUWIROLR 3URSHUWLHV LLL DQG LY
W￿Z ￿) W 7 UHVXOW IURP WKH RSWLPDOLW\ RI ; 
  8 Q LFLW\ R I WK H 2 S WLP D O 5 HS OLFD WLR Q
7KH QH[W UHVXOW VKRZV WKDW WKH RSWLPL]DWLRQ SUREOHP  RI 3URSRVLWLRQ  KDV D XQLTXH
VROXWLRQ DW OHDVW LQ WHUPV RI YDOXH DW WLPH 7  DQG WKHUHIRUH DOVR LQ WHUPV RI YDOXH SURFHVV
:H UHFDOO WKDW ZH FDQQRW H[SHFW WR REWDLQ D XQLTXH SRUWIROLR EHFDXVH ZH GR QRW UXOH RXW
UHGXQGDQF\ EHWZHHQ WKH VHFXULWLHV
S ￿ / H PPD: H FR Q VLGHU D SHULRG W EHWZ HHQ  DQG 7 b  DQ LQ LWLDO Z HDOWK Z LQ / 3 K  WW W S ￿ DQ G D FR Q WLQ JHQ W FODLP ) LQ / 3 K  )RU HYHU\ G\QDP LF SRUWIRO LR < LQ ; W K H 7 7 W￿7
W￿Z ￿) W 7 HTXDOLW\ Z <  Z ;  KRO GV 3 DOP RVW VXUHO\ RQ WKH VHW $ <  LQ ) GHqQHG E\ WW 77
ke f GHI ￿ ￿￿ $ <     o VXFK WKDW (K ) b Z <    K 4 )  b Z  * )  WW W W W W 77 7 7 7
DQG Z <  Z J  WW
￿   / 0 L QL P XP 3RUWI RO L R
2QH VSHFLDO FKRLFH RIqQDO SD\Rp) DQG LQLWLDO ZHDOWK Z DW WLPH W ZLOO SURYH LPSRUWDQW W 7
S
LW LV REWDLQHG IRU )  D Q GZ    K  1RWLFH WKDW IRU WKLV FKRLFH RI LQLWLDO ZHDOWK 7W W
S S GHI ￿ ￿ WW ￿ ￿ K￿ ￿ W KZ   ZKLFK EHORQJV WR / 3  :H LQWURGXFH WKH VLPSOLqHG QRWDWLRQ ;   ; WW
GHI ￿ WW DQG Z   Z ; I R UW  V  7  (TXDWLRQV  DQG  RI 3URSRVLWLRQ  VKRZ WKDW WKH VHOI V V
W qQDQFLQJ VWUDWHJ\ ; LV REWDLQHG E\ LQYHVWLQJ HYHU\ SHULRG V EHWZHHQ W DQG 7 b  WKH
W ￿ ￿ ￿ YDOXH Z LQ WKH SRUWIROLR K1 S ZKRVH YDOXH DW WLPH V LV KS1 S   3URSRVLWLRQ  VV V V VV V V
SURYHV WKDW WKLV VWUDWHJ\ \LHOGV D G\QDPLF SRUWIROLR LQ ; ZKLFK VDWLVqHV W￿7
ef e f ￿ W ￿ W ￿ HVVLQI(K Z ;   (K Z   K Z    W77 W7 WW 7 
 ; ; W￿7 V W S  Z ;    K WW
S ￿￿ DQG ZKLFK PLQLPL]HV WKHUHIRUH WKH / QRUP RI / 3 K D P R Q JS R U W I R O L R VL Q;  7W ￿ 7
S ￿ 7KLV SRUWIROLR LV LPSRUWDQW IRU WZR UHDVRQV )RU D SD\Rp) LQ / 3 K D Q GDZ H D O W KZ W 77
S ￿ W￿Z ￿) W 7 LQ / 3 K  WKH RSWLPDO UHSOLFDWLRQ VWUDWHJ\ ; LQYHVWV RU qQDQFHV DQ\ GLVFUHSDQF\ W W
￿ EHWZHHQ WKH LQLWLDO ZHDOWK Z DQG WKH RSWLPDO FRVW 4 ) W K U R X J KW K H/ PLQLPXP SRUWIROLR WW 7
W W￿Z ￿) W 7 ;  7KLV ZH VKRZ E\ GHFRPSRVLQJ WKH VWUDWHJ\ ; DFFRUGLQJ WR (TXDWLRQV  DQG 
DV IROORZV
W￿Z ￿) W￿4 ￿) ￿￿) W￿Z b4 ￿) ￿￿￿ WW W W 77 77 ;   ;  ;
S S
W￿4 ￿) ￿￿) W￿￿ K￿ ￿ WW 77   ;  K Z b 4 ) ; WW W 7
S
W￿4 ￿) ￿￿) W W 77   ;  K Z b 4 ) ; WW W 7
W 6HFRQG WKH RSWLPDO FRVW 4 )  PD\ EH REWDLQHG GLUHFWO\ IURP ) ZLWK WKH KHOS RI Z  W 77 7
LQVWHDG RI WKH LWHUDWLYH SURFHGXUH GHVFULEHG LQ 3URSRVLWLRQ  6WDWHPHQW LLL RI /HPPD 
S
ZLWK V   W DQG Z    KLPSOLHV LQGHHG WKDW WW
KL  W S 4 )   (K Z )  W7 W7 7 7 K W
WW 7KLV SURYHV WKDW 4 LV D SRVLWLYH RSHUDWRU ZKHQHYHU Z LV LWVHOI SRVLWLYH ,I Z GRHV QRW W V 7
YDQLVK DW WLPH V EHWZHHQ W DQG 7 Z HD O V RK D Y H
KL  W 4 )   (K Z ) VV 77 7 7 W KZ V V
 ,QWHUHVW 5 DWHV
:H LQWURGXFH IURP QRZ RQ D PRQH\ PDUNHW )RU WKH UHVW RI WKH DUWLFOH ZH DVVXPH WKDW
6HFXULW\  LV D ULVN IUHH ]HUR FRXSRQ ERQG SD\LQJ D XQLTXH GLYLGHQG RIRQH XQLW RIQXPHUDLUH
DW PDWXULW\ 7 
￿ ￿ $V V X PS W L R QK LV LQ / 3  DQG IRU HYHU\ SHULRG W EHWZ HHQ  DQG 7 b  WKH SULFH S 7 W
RIWKH ]HUR FRXSRQ ERQG L V SRVLWLYH
GHI ￿ I ￿ 6LQFH WKH SULFH RIWKH ERQG LV DVVXPHG SRVLWLYH ZH GHqQH 5    S IRU   W  7 b  W W￿7
I 5 LV WKH QRPLQDO ULVN IUHH UHWXUQ IURP LQYHVWLQJ LQ WKH ]HUR FRXSRQ ERQG IURP WLPH W XS W￿7
WR KRUL]RQ 7  $VVXPSWLRQ  PDNHV VXUH WKDW WKLV EX\ DQG KROG VWUDWHJ\ EHORQJV WR ;  W￿7
ZH GHQRWH LW   W￿7
,W ZLOO EH XVHIXO WR LQWURGXFH ODWHU RQ ULVN IUHH LQWHUHVW UDWHV ZLWK PDWXULW\ VKRUWHU WKDQ
7 DV ZH VWXG\ WKH PHDQYDULDQFH LQYHVWPHQW SUREOHPV ZLWK DQ KRUL]RQ V VPDOOHU WKDQ 7 
:H VKDOO GR VR E\ DVVXPLQJ WKDW WKHUH H[LVWV DW WLPH W D GHIDXOW IUHH ]HUR FRXSRQ ERQG ZLWK
QRQ YDQLVKLQJ SULFH ZKLFK GLVWULEXWHV RQH XQLW RI QXPHUDLUH DW PDWXULW\ V :H VKDOO GHQRWH
I 5 WKH LQYHUVH RIWKH ERQG SULFH ZKLFK UHSUHVHQWV WKH ULVN IUHH UDWH IURP WLPH W WR PDWXULW\ W￿V
V
I ￿ :H UHPDUN WKDW Z   4    S    5 IRU V w W DQG ZH OHDUQ IURP 6WDWHPHQW L VW ￿ 7 V V V￿7
ef GHI ￿ I ￿￿ ￿ ￿ ￿ RI 3URSRVLWLRQ  WKDW K S   (K S   ( >K @ :H GHqQH +   K  5 V R WW W ￿￿ WW W 7 W W￿￿ W￿7
WKDW ZLWK WKLV QRUPDOL]DWLRQ WKLV ODVW LQHTXDOLW\ ZULWHV
+  ( >+ @  ( >+ @ ( >K @ WW W ￿￿ WW 77
DQG WKH QRUPDOL]HG SURFHVV + LV D SRVLWLYH VXEPDUWLQJDOH 1RWLFH WKDW ZH KDYH
ef ￿ HVVLQI(K Z ;   + W77 W 
 ; ; W￿7 V W I ￿  Z ;  S    5 W W W￿7
S W ZKLFK LV UHDFKHG LQ +; :H GHULYH IURP 6WDWHPHQW LLL RI /HPPD  ZLWK )   W 7
S
Z    K D Q GW  V  7  WW
W KL KZ V V W (K Z    V 7 7 I 5 V￿7 S KL S K W W (K Z    +  WW 7 7 I 5 W￿7
NN :H UHPDUN WKDW WKH VXsFLHQW FRQGLWLRQ RI /HPPD  ZKLFK UHTXLUHV WKDW S SG EH LQ W W 7 SS I ￿ Q ￿ Q / 3 K  5 , K R O G VZ L W KN  D VV R R QD V5G LV LQ / 3 K  5 ,  IRU HYHU\ SHULRG 7W 7 W￿7
I W E H W Z H H QD Q G 7 b   7 K L VL VW K HF D V HI R UL Q V W D Q F HL I5 LV ERXQGHG DQG G EHORQJV WR W W￿7 S ￿ Q / 3 K  5 ,  7
7KH SUHVHQFH RI WKH ERQG DOORZV XV WR IXUWKHU GHVFULEH WKH RSWLPDO UHSOLFDWLRQ VWUDWHJ\
￿ RI 3URSRVLWLRQ  :H UHPDUN WKDW VLQFH K LV SRVLWLYH DQG EHORQJV WR / 3  WKH PRGL 7
K 7 qHG SUREDELOLW\ GLVWULEXWLRQ 3 GHULYHG IURP 3 WKURXJK WKH 5DGRQ1LNRG\P GHULYDWLYH
K ( >K @ LV ZHOO GHqQHG 77
S ￿ / H PPD/HW) EH D SD\Rp LQ / 3 K  DQG W D SHULRG EHWZHHQ  DQG 7 b :H 77
KDYH
Ku v L
KK W￿4 ￿) ￿￿) 77W 77 ( >) @ (Z ; 77 WW
DQG
Ku v L K u v L * )  W7 KK K W￿4 ￿) ￿￿) W￿4 ￿) ￿￿) 77 7 W W 77 77   9DU ) b Z;   9DU >) @ b 9DU Z;  77 7 7 WW W ( >K @ W 7
7KH SURRIRI WKLV UHVXOW UHOLHV RQ 6WDWHPHQW LY RI /HPPD  ZLWK V   W DQG Z   4 )  WW 7
W￿4 ￿) ￿￿) W 77 ,I ZH VHW ; VXFFHVVLYHO\ WR  DQG ; ZH REWDLQ W￿7
Ku v L
W￿4 ￿) ￿￿) W 77 ( >K)@ (K Z ;  W77 W 77
z Ku v L u v ￿ W￿4 ￿) ￿￿) W￿4 ￿) ￿￿) WW 77 77 (K ) Z ;   (K Z ;  W7 7 7 W7 7
ZKLFK WRJHWKHU ZLWK (TXDWLRQ  \LHOG /HPPD  ￿
KW ￿ 4 ￿) ￿￿) W 77 7 ,Q WKH PRGLqHG SUREDELOLW\ 3  WKH VWUDWHJ\ ; PLQLPL]HV WKH YDULDQFH RI WKH
UHVLGXDO ) b Z ;  XQGHU WKH FRQVWUDLQWV WKDW WKH LQLWLDO ZHDOWK Z ; E HH T X D OW R 77 W
K 7 4 )  DQG WKDW WKH H[SHFWHG qQDO YDOXH ( >Z ; @ EH LGHQWLFDO WR WKH H[SHFWHG YDOXH RI W7 7 W
WKH SD\Rp )  7KLV H[SODLQV ZK\ LW LV FDOOHG DQ RSWLPDO PHDQYDULDQFH UHSOLFDWLRQ VWUDWHJ\ 7
  K DV /DUJHVW 5 HJXODUL]LQJ 3 URFHVV
:H KDYH VHHQ LQ 6HFWLRQ  WKDW K DFWV DV D UHJXODUL]LQJ SURFHVV IRU WKH YDOXH SURFHVVHV RI
G\QDPLF SRUWIROLRV LQ ;  :H SURYH KHUH WKDW K LV WKH ODUJHVW SURFHVV KDYLQJ WKLV SURSHUW\ W￿7
IRU D JLYHQ WHUPLQDO YDOXH K DW KRUL]RQ 7  7
{{ / H PPD/HWK EH DQ DGDSWHG SURFHVV VXFK WKDW K   K DQG VXFK WKDWIRU HYHU\ SRUWIROLR 77
￿ {{ ; LQ ; WKH SURFHVV IKZ;  J LV D VX EP DUWLQ JD OH 7 KHQ K  K IRU HYHU\ SHULRG VV V V W￿7 W￿V￿7
V EHWZ HHQ W DQG 7 
{ :H SURYH WKLV UHVXOW E\ EDFNZDUG LQGXFWLRQ /HW XV DVVXPH WKDW K  K IRU D SHULRG V￿￿ V￿￿
V EHWZHHQ W DQG 7 b  :H FRQVWUXFW D VHOI qQDQFLQJ SRUWIROLR ; VWDUWLQJ DW WLPH W LQ WKH
IROORZLQJ ZD\ 7KH VWUDWHJ\ ; E X \ VD Q GK R O G VW K HU L V NI U H HE R Q GI U R PW L P HW XS WR WLPH V
￿ V￿S ￿ ￿ V DW ZKLFK GDWH LW IROORZV WKH VWUDWHJ\ ; XS WR KRUL]RQ 7  ,W LV VHOI qQDQFLQJ LQ SHULRG
S ￿ ￿￿ V￿S ￿￿ V V ZLWK SRVLWLYH YDOXH Z ;  S LQ / 3 K  DQG LW EHORQJV WR ; VLQFH Z ; L V VVW ￿ 7 7 VV S ￿ LQ / 3 K  :H NQRZ E\ DVVXPSWLRQ WKDW 7
KL KL
￿￿ ￿ {{ KZ;   (K Z ;   (K Z ;   VV V V ￿￿ V￿￿ VV ￿￿ V￿￿
D Q GZ HG H U L Y HI U R P( T X D W L R Q R I3 U R S R V L W L R QW K D W
z uv u v K L ￿￿ ￿￿ ￿ V￿ S ￿￿ V￿S ￿￿￿ VV KZ;   KZ ;   (K Z ;   (K Z ;   VV V V V V ￿￿ V￿￿ VV ￿￿ V￿￿
￿￿ {{ :H FRQFOXGH WKDW KZ;   KZ; D Q G K  K VLQFH Z ;  LV SRVLWLYH ZKLFK HQGV VV VV V V V
WKH EDFNZDUG LQGXFWLRQ SURRI ￿
1RWLFH WKDW WKH SURRIRI/HPPD  UHTXLUHV WKH H[LVWHQFH RID VWUDWHJ\ LQ ; ZLWK SRVLWLYH W￿V
YDOXH DW WLPH V D Q GZ HX V HK H U HDE X \D Q GK R O GL Q Y H V W P H Q WL QW K HE R Q G 
{ :H DOVR UHPDUN WKDW LI K LV QRQ QHJDWLYH DQG UHJXODUL]HV WKH YDOXH SURFHVV RI G\QDPLF
SRUWIROLRV LQ ; DV GHVFULEHG LQ /HPPD  WKHQ LW DOVR UHJXODUL]HV WKH FXP DQG H[ GLYLGHQG W￿7
SS
SULFH SURFHVVHV  DQG S ,QGHHG ZH NQRZ IURP 3URSRVLWLRQ  WKDW ERWK K DQG KS VV VV
SS
￿ Q {{ { DUH LQ / 3  5 ,  DQG VLQFH   K  K  ZH FRQFOXGH WKDW K DQG KS DUH DOVR LQ VV V V V V V
￿ Q / 3  5 ,  IRU HYHU\ SHULRG V EHWZHHQ W DQG 7  V
 9 DULDQFH2 SWLP DO 0 DUWLQJDOH 0 HDVXUH
,W ZDV QRWHG LQ 6HFWLRQ  WKDW WKH RSHUDWRU 4 LV SRVLWLYH DV VRRQ DV WKH qQDO ZHDOWK W
WW￿ W Z   Z ; R IW K H/ PLQLPXP SRUWROLR ; LV LWVHOI SRVLWLYH :H VKRZ WKDW ZKHQ WKLV 7 7
KDSSHQV WKH FRVW 4 ) D WW L P HV EHWZHHQ W DQG 7 b  RI WKH RSWLPDO UHSOLFDWLRQ V7
S ￿ RI D FRQWLQJHQW FODLP ) LQ / 3 K  FDQ EH H[SUHVVHG DV WKH GLVFRXQWHG FRQGLWLRQDO 77
H[SHFWDWLRQ RI ) LQ D SUREDELOLW\ GLVWULEXWLRQ GLpHUHQW IURP WKH RULJLQDO SUREDELOLW\ 3 , Q 7
W K HF D V HZ K H U HK   WKLV QHZ SUREDELOLW\ GLVWULEXWLRQ LV FDOOHG WKH PLQLPXP YDULDQFH 7
SUREDELOLW\ GLVWULEXWLRQ RU WKH YDULDQFHRSWLPDO PDUWLQJDOH SUREDELOLW\
WW :H qUVW QRWLFH IURP (TXDWLRQ  WKDW LI Z LV SRVLWLYH WKHQ WKH YDOXH Z RI WKH VWUDWHJ\ V 7
W ; DW WLPH V LV DOVR SRVLWLYH 6WDWHPHQW LLL RI /HPPD  WRJHWKHU ZLWK (TXDWLRQ  \LHOGV
ef W  (K Z ) V7 7 7 4 )    V 7 W I ( >KZ@ V7 5 7 V￿7
SS W ￿ W ￿ :H UHPDUN WKDW KZ LV LQ / 3  VLQFH ERWK KZ DQG K DUH LQ / 3  DQG ZH ZULWH 77 7 77
W  KZ 7 7 4 )   ( >) @  V V7 7 I 5 V￿7
ZKLFK VKRZV WKDW 4 )  FDQ LQGHHG EH ZULWWHQ DV D GLVFRXQWHG H[SHFWDWLRQ LQ WKH PRGLqHG V 7
W KZ 7 7 SUREDELOLW\ GLVWULEXWLRQ 3 
W :H VKDOO VKRZ ODWHU LQ 6HFWLRQ  WKDW RQH FDQ XVXDOO\ QRW H[SHFW Z WR EH SRVLWLYH 7
ZKHQ WKH FXPGLYLGHQG SULFHV DVVXPH XQERXQGHG YDOXHV 7KLV IDFW KDV EHHQ QRWHG LQ
6FKZHL]HU  :KHQ WKLV KDSSHQV WKH PLQLPXP YDULDQFH SUREDELOLW\ EHFRPHV WKH
YDULDQFHRSWLPDO VLJQHG PDUWLQJDOH PHDVXUH DQG WKH RSHUDWRU 4  DOWKRXJK VWLOO ZHOO GHqQHG W
LV QRW SRVLWLYH
W ,Q D FRQWLQXRXV WLPH VHWWLQJ *RXULHURX[ HW DO  VKRZ WKDW Z LV DOZD\V SRVLWLYH 7
DV ORQJ DV SULFHV IROORZ FRQWLQXRXV VHPLPDUWLQJDOHV ZLWK QR GLYLGHQG GLVWULEXWLRQ 7KH\
DVVXPH WKH H[LVWHQFH RI D ULVN QHXWUDO SUREDELOLW\ GLVWULEXWLRQ D QR DUELWUDJH FRQGLWLRQ
ZKLFK LV VWURQJHU WKDQ WKH ODZ RI RQH SULFH
  &KDQJH RI1XP HUDL UH
:H KDYH FRQVLGHUHG VR IDU DQ DUELWUDU\ QXPHUDLUH HYHU\ SHULRG DQG ZH ZLVK WR VWXG\
QRZ KRZ RXU UHVXOWV GHSHQG RQ WKLV FKRLFH :H LQWURGXFH D QHZ QXPHUDLUH HYHU\ SHULRG
DQG ZH OHW s EH LWV YDOXH DW WLPH W LQ WKH ROG QXPHUDLUH :H DVVXPH WKDW WKH SURFHVV s W
GHI ￿ GHI ￿ ss LV DGDSWHG DQG SRVLWLYH :H OHW S   S s DQG     s EH UHVSHFWLYHO\ WKH H[ DQG WW WW WW
FXP GLYLGHQG SULFHV RI WKH WUDGHG VHFXULWLHV DW WLPH W LQ WKH QHZ QXPHUDLUH DQG ZH GHQRWH
￿ GHI ￿ ss Z ;  S;   Z ;  s WKH YDOXH RI D SRUWIROLR ; DW WLPH W LQ WKH QHZ QXPHUDLUH WW W WW T
GHI ￿ s ￿ s s :H FKRRVH WKH QRUPDOL]DWLRQ K   sK VR WKDW HYHU\ SRUWIROLR ; VDWLVqHV KZ;   7 77 7 7 SS ￿ KZ; D Q GDG \ Q D P L FS R U W I R O L RK D VDq Q D OY D O X HL Q/ 3 K  IRU WKH ROG QXPHUDLUH 77 7 T
￿ s LI DQG RQO\ LI LWV qQDO YDOXH LQ WKH QHZ QXPHUDLUH LV LQ / 3 K  6LQFH WKH VHOI qQDQFLQJ 7
FRQGLWLRQ GRHV QRW GHSHQG RQ WKH FKRLFH RI QXPHUDLUH ZH UHPDUN WKDW WKH VHW ; UHPDLQV W￿7
LGHQWLFDO DV ZH FKDQJH ERWK WKH QXPHUDLUH DQG WKH YDOXH RI WKH YDULDEOH K DW WLPH 7 IURP
s K WR K  7 7
Is I ss :H OHW 5  K D Q G+ EH UHVSHFWLYHO\ WKH YDULDEOHV 5  K D Q G+ IRU WKH QHZ WW WW W￿7 W￿7
Is QXPHUDLUH 7KH LQWHUHVW UDWH 5 IURP W WR 7 LQ WKH QHZ QXPHUDLUH LV JLYHQ E\ W￿7
GHI ￿ Is I s￿ 5    S   s5 W W W￿7 W￿7
DQG ZH KDYH
GHI ￿ Is ss ￿ +   K  5   WW W￿7
7 K HQ H [ WO H P P DV K R Z VW K D WW K HS U R F H V V+ LV QXPHUDLUH LQYDULDQW DV ORQJ DV ZH FRUUHFWO\
s QRUPDOL]H WKH YDULDEOH K DV H[SODLQHG DERYH 7
/ H PPD)RU HYHU\ SHULRG W EHWZ HHQ  DQG 7 ZHKDYH
s ￿ L K   sK W WW
s LL +   + W W
,W LV RIWHQ FRQYHQLHQW LQ qQDQFLDO HQJLQHHULQJ WR FKRRVH WKH ULVN IUHH ]HUR FRXSRQ ERQG
I ￿ ZLWK PDWXULW\ 7 DV QXPHUDLUH WKDW LV WR VHW s   S    5  )RU WKLV SDUWLFXODU FKRLFH RI W W W￿7
Is s QXPHUDLUH ZH KDYH K   K VLQFH s   DQG 5   :H DOVR FKHFN WKDW IRU HYHU\ SHULRG 77 7 W￿7
ss W ZH KDYH K   +   + VR WKDW WKH QXPHUDLUH LQYDULDQW YDULDEOH + FDQ EH LQWHUSUHWHG DV WW WW
WKH YDULDEOH K  RQFH ZH FKRRVH WKH ERQG DV QXPHUDLUH W
 0 HDQ 9DUL DQFH 3RUWIROL R 6HOHFWL RQ
:H LQYHVWLJDWH LQ WKLV VHFWLRQ WKH PHDQYDULDQFH SURSHUWLHV RI VHOI qQDQFLQJ G\QDPLF
SRUWIROLRV $IWHU IRUPDOO\ GHqQLQJ WKH FRQFHSWV RIG\QDPLF 6KDUSH UDWLR DQG HsFLHQW IURQWLHU
LQ 6HFWLRQ  ZH GHULYH DQ LPSRUWDQW ULVNUHWXUQ LQHTXDOLW\ LQ 6HFWLRQ  ZKLFK LV WKH EDVLV
RI RXU DQDO\VLV 7KH XSSHU ERXQG WR WKH G\QDPLF 6KDUSH UDWLRV RI VHOI qQDQFLQJ SRUWIROLRV
LV VKRZQ LQ 6HFWLRQ  WR EH D IXQFWLRQ RI WKH SURFHVV +  8QGHU WKH UHJXODULW\ FRQGLWLRQ
WKDW WKLV RSWLPDO G\QDPLF 6KDUSH UDWLR LV ERXQGHG RU QHYHU JHWV FORVH WR ]HUR 6HFWLRQ 
SURGXFHV D WZR IXQG VHSDUDWLRQ WKHRUHP LQ D FRQGLWLRQDO IRUP HYHU\ HsFLHQW SRUWIROLR
￿ FDQ EH GHVFULEHG DV D FRPELQDWLRQ RI WZR VWUDWHJLHV WKH / PLQLPXP SRUWIROLR DQG WKH
ULVNOHVV VHFXULW\ DQG WKH DPRXQW DOORFDWHG WR HDFK VWUDWHJ\ PD\ GHSHQG RQ WKH LQIRUPDWLRQ
DYDLODEOH DW WKH WLPH ZKHQ WKH LQYHVWPHQW LV LQLWLDWHG 6HFWLRQ  JHQHUDOL]HV WKH QRWLRQ RI
G\QDPLF 6KDUSH UDWLR IURP VHOIqQDQFLQJ SRUWIROLRV WR DQ\ FRQWLQJHQW FODLP 7KH JHQHUDOL]HG
G\QDPLF 6KDUSH UDWLR LV DJDLQ VPDOOHU WKDQ WKH RSWLPDO G\QDPLF 6KDUSH UDWLR DQG WKHLU
VSUHDG PHDVXUHV WKH GLVWDQFH WR HsFLHQF\ RI WKH FRQWLQJHQW FODLP
  ' HqQL WL RQV
:H FRQVLGHU D WLPH SHULRG W E H W Z H H QD Q G 7 b  D Q GZ HL Q W U R G X F HW K HQ R W L R Q VR I
K 7 G\QDPLF 6KDUSH UDWLR DQG G\QDPLF HsFLHQW IURQWLHU LQ WKH SUREDELOLW\ 3 F R Q G L W L R Q H G
K 7 RQ WKH LQIRUPDWLRQ DW GDWH W: H U H F D O O W K D W 3 LV GHULYHG IURP WKH RULJLQDO SUREDELOLW\
GLVWULEXWLRQ 3 E\ PHDQV RI WKH 5DGRQ1LNRG\P GHULYDWLYH K (>K @ DQG WKDW ZH ZRUN LQ W 77
K 7 WKH PRGLqHG SUREDELOLW\ 3 VR DV WR UHPDLQ FRQVLVWHQW ZLWK RXU JHQHUDO FRQGLWLRQ WKDW WKH
S ￿ YDOXHV DW WLPH 7 RI WKH VHOI qQDQFLQJ SRUWIROLRV RI ; EHORQJ WR / 3 K  ZKLFK LV DOVR W￿7 7
￿ K 7 / 3 
K 7 )RU HYHU\ G\QDPLF SRUWIROLR ; LQ ; Z HG H Q R W H6 5  ;  WKH 6KDUSH UDWLR LQ WKH W￿7 W￿7
K 7 PRGLqHG SUREDELOLW\ 3  FRQGLWLRQHG RQ WKH LQIRUPDWLRQ DW WLPH W ZKLFK UHVXOWV IURP
IROORZLQJ WKH VHOI qQDQFLQJ LQYHVWPHQW VWUDWHJ\ ; IURP WLPH W XS WR KRUL]RQ 7 : HO H W
I K 7 ( >Z ; @ b 5Z ;  7W W GHI ￿ W￿7 K 7 T 65 ;   W￿7 K 7 9DU >Z ; @ 7 W
GHI ￿ KK 7 7 ZKHQ 9DU >Z ; @ LV GLpHUHQW IURP ]HUR DQG ZH VHW 65 ;    IRU WKH VWDWHV RI WKH 7 W W￿7
K 7 ZRUOG ZKHUH 9DU >Z ; @   7 W
GHI ￿ :H GHQRWH 5 ;  Z ;  Z ;  WKH WRWDO UHWXUQ IURP SHULRG W WR KRUL]RQ 7 RI D W￿7 7 W
G\QDPLF SRUWIROLR ; LQ ; ZLWK QRQ YDQLVKLQJ YDOXH Z ; D WG D W HW, Q S D U W L F X O D U Z H K D Y H W W￿7
I 5   5   ZKHQ ;    LV WKH VWUDWHJ\ ZKLFK LQYHVWV ZLWKRXW UHEDODQFLQJ LQ WKH W￿7 W￿7 W￿7 W￿7
K 7 GHIDXOW IUHH ]HUR FRXSRQ ERQG ZLWK PDWXULW\ 7 IURP WLPH W RQ ,IZ ; D Q G9 D U > Z ; @ W7 W
DUH 3 DOPRVW VXUHO\ GLpHUHQW IURP ]HUR ZH DOVR KDYH
I K 7 ( >5 ; @ b 5 W￿7 W W￿7 K 7 T 65 ;    W￿7 K 7 9DU >5 ; @ W￿7 W
WKH XVXDO GHqQLWLRQ RI D 6KDUSH UDWLR
2XU FKRLFH RI QRQ DQQXDOL]HG VLPSOH WRWDO UHWXUQV LV QRW DQ LQQRFXRXV VSHFLqFDWLRQ ,W
DOORZV XV WR OLQN WKH WZR G\QDPLF LQYHVWPHQW SUREOHPV RI RSWLPDO UHSOLFDWLRQ DQG RSWLPDO
SRUWIROLR VHOHFWLRQ 7KLV QLFH FRQYHUJHQFH PD\ QRW KROG IRU RWKHU GHqQLWLRQV RI WKH UHWXUQV
:H OHW WKH G\QDPLF PHDQYDULDQFH HsFLHQW IURQWLHU DW WLPH W ZLWK KRUL]RQ 7 Z K L F KZ H
GHQRWH ()  EH WKH VHW RISRUWIROLRV LQ ; ZKLFK DUH VROXWLRQ WR WKH RSWLPL]DWLRQ SURJUDP W￿7 W￿7
K 7 HVVLQI9DU >Z ; @ 7 W 
! ! ; ; W￿7 !  
V W Z ;  Z WW ! ! ! K 7  ( >Z ; @   : 7W ￿ 7 W
IRU VRPH H[SHFWHG qQDO YDOXH WDUJHW : PHDVXUDEOH ZLWK UHVSHFW WR ) DQG VRPH LQLWLDO W W￿7
S ￿ ZHDOWK Z LQ / 3 K  :KHQ WKH LQLWLDO ZHDOWK Z GRHV QRW YDQLVK WKLV SURJUDP FDQ EH WW W W
Z U L W W H QL QW H U P VR IU H W X U Q VD VI R O O R Z V
K 7 HVVLQI9DU >5 ; @ W￿7 W 
! ! ; ; W￿7 ! 
V W Z ;  Z WW ! ! ! K 7  ( >5 ; @   5 W￿7 W￿7 W
ZKHUH WKH H[SHFWHG UHWXUQ WDUJHW 5 LV :  Z  W W￿7 W￿7
   $ 5L V N5H W XU Q, QH T XD O L W \
7KH QH[W UHVXOW SURYHV WKDW WKH ULVN SUHPLXP RIDQ\ G\QDPLF SRUWIROLR LQ ; LV ERXQGHG W￿7
E \W K HY D U L D Q F HR IL W VU H W X U Q : HV W D W HW K HU H V X O WL QW H U P VR IS R U W I R O L RY D O X H VV RD VW RW D F N O H
WKH JHQHUDO FDVH ZKHUH WKH LQLWLDO YDOXH RI WKH VWUDWHJ\ PD\ YDQLVK DQG WKH UHWXUQ PD\ QRW
EH ZHOO GHqQHG ,Q WKH SURRI RI WKLV SURSRVLWLRQ LW LV LPSRUWDQW WR LVRODWH WKH VWDWHV RI WKH
ZRUOG ZKHUH +   ( >K @ DQG ZH qUVW VWXG\ WKLV VSHFLDO FDVH WW 7
3 URSRVL WL RQ  L 2 Q WKH VHW I+   ( >K @J LQ )  WW W 7
I WW  Z ;  5Z ;  W 7 W￿7
S I K ￿ 7 I RU HYHU\ SD\Rp ) LQ / 3 K  4 )     5 ( >) @  77 W 7 7 W W￿7
I K 7  HYHU\ G\QDP LF SRUWIRO LR ; LQ ; VDWLVqHV ( >Z ; @   5Z ;  W￿7 7 W W W￿7
LL ( YHU\ G\Q D P LF SR UWIROLR ; LQ ; VDWLVqHV W￿7
wx uv ￿ ( >K @ W7 I KK 7 7 ( >Z ; @ b 5Z ;  b  9DU >Z ; @  W 77 WW W￿7 + W
W LLL 7 K H G \Q DP LF VWUDWHJ\ ; VDWLVqHV ,QHTXDOLW\  Z LWK DQ HTXDOLW\
,QHTXDOLW\  \LHOGV D qUVW LQWXLWLYH UHVXOW HYHU\ G\QDPLF SRUWIROLR ; LQ ; UHWXUQV W￿7
K 7 W K HU L V NI U H HU D W HI U R PW WR 7 RQ WKH VHW I9DU >Z ; @  J Z K H U HW K Hq Q D OY D O X HR IW K H 7 W
VWUDWHJ\ LV NQRZQ DW WLPH W ZLWK FHUWDLQW\
  2 SWL P DO' \QDP L F 6KDUSH 5 DWL R
,QHTXDOLW\  VWDWHV WKDW HYHU\ SRUWIROLR ; LQ ; VDWLVqHV W￿7
( >K @ W 7 K ￿ 7 65 ;  b  W￿7 + W
DQG 6WDWHPHQW LLL RI3URSRVLWLRQ  VKRZV WKDW WKH XSSHU ERXQG ( >K @ + b  LV UHDFKHG W7 W
￿ W E\ WKH / PLQLPXP SRUWIROLR ; LQ ; : HO H W W￿7
V wx
( >K @ GHI ￿ W 7 K 7 65   b  W￿7 + W
E HW K HR S W L P D OG \ Q D P L F6 K D U S HU D W L RI U R PW L P HW WR KRUL]RQ 7  FRQGLWLRQHG RQ WKH LQIRU
PDWLRQ DYDLODEOH DW WLPH W DQG ZH KDYH
uv ￿ KK K ￿ W ￿ 77 7 HVVVXS 65 ;  6 5  ;  6 5  W￿7 W￿7 W￿7
V W ; ; W￿7
:H KDYH VHHQ LQ 6HFWLRQ  WKDW + VDWLVqHV WKH LQHTXDOLWLHV  +  ( >K @ 7KH OLPLW WW W 7
K 7 YDOXHV RI + FRUUHVSRQG WR DQ RSWLPDO 6KDUSH UDWLR 65 ZKLFK YDQLVKHV ZKHQ +   ( >K @ W WW 7 W￿7
DQG ZKLFK LQFUHDVHV WR LQqQLW\ DV + QHDUV ]HUR W
S S I 1RWLFH DOVR WKDW LW UHVXOWV IURP (TXDWLRQ  DQG WKH HTXDOLW\ K   +5 WKDW WW W￿7
S ef S I KL W +5 (K Z + K W K WW W W 7W ￿ 7 K W 7 7 (5 ;          W￿7 W W I Z(>K @ ( >K @ ( >K @ WW W 77 7 5( >K @ W W7 W￿7
￿ W 7KLV DOORZV XV WR ZULWH WKH H[SHFWHG UHWXUQ RI WKH / PLQLPXP SRUWIROLR ; DV D IXQFWLRQ
K 7 RI WKH RSWLPDO 6KDUSH UDWLR 65  W￿7
I KL 5 W￿7 K W 7 (5 ;    W￿7 W K 7 ￿  6 5  W￿7
RU HTXLYDOHQWO\ LQ WHUPV RI ULVN SUHPLXP
K ￿ 7 KL 65  W￿7 II K W 7 (5 ;  b 5   b 5  W￿7 W W￿7 W￿7 K 7 ￿  6 5  W￿7
uv ￿ KK W ￿ 77 7KH QH[W OHPPD JHQHUDOL]HV WKH HTXDOLW\ 65 ;  6 5 W R D I D P L O \ R I G \ Q D P L F W￿7 W￿7
W SRUWIROLRV LQ ; ZKLFK FRPELQH WKH G\QDPLF SRUWIROLR ; ZLWK WKH VWDWLF VWUDWHJ\  W￿7 W￿7
ZKLFK LQYHVWV LQ WKH ERQG ZLWK PDWXULW\ 7 IURP WLPH W RQ
/ H PPD/HWr DQG ) EH WZR UDQGRP YDULDEO HV P HDVXUDEO H Z LWK UHVSHFW WR ) DQG O HW WW W
W ;   r;  )  EH WK H VHOI q Q DQ FLQ J G \Q DP LF SR UWIROLR Z K LFK FRP ELQ HV IUR P WLP H W RQ r W W W￿7 W
W XQL W VRIW KH VW UDW HJ\ ; ZL W K) X Q LWV RI WKH ]HUR FRXSRQ ERQ G Z LWK P DWX ULW\ 7 7K HG \ QD PL F W
S S S
SRUWIRO LR ; LV LQ ; LI D Q G RQ O\ LI ERWK ( >K @ b + ) DQG r  +)  KZ;  W￿7 W 7 W W W W W W W
￿ DUH LQ / 3  : KHQ WKLV KDSSHQV W
KL
￿￿ ￿ (K Z ;   KZ;   ( >K @ b + )  W7 7 W W W 7 WW
DQG ; KDV WKH IRO O RZLQJ SURSHUWL HV
L ; VDWLVqHV ,QHTXDOLW\  Z LWK DQ HTXDOLW\ DQG
S
+ W I KK ￿ 7 7 ( >Z ; @ b 5Z ;  b 65  r WW 7 W W￿7 W￿7 ( >K @ W7
+ W KK ￿￿ 77 9DU >Z ; @  65  r 7 WW W￿7 ￿ ( >K @ W7 uv
I KK K ￿￿ 77 7 65  )   65  ( >Z ; @ b 5Z ;  W7 W W W￿7 W￿7 W￿7
7KH O DVWHTXDO L W\ DO VR ZUL WHV
I ( >KZ; @   +5 Z;  ( >K @ b + )  W77 W W W 7 WW W￿7
I LL 7 K H VWUD WHJ\ ; LV R Q WKH Hs FLHQ W IUR Q WLHU ()  7 KH YDULDEO HVb r  ) b 5Z ;  W￿7 W W W W￿7
I K 7 DQG ( >Z ; @ b 5Z ;  KDYH WKH VDP H VL JQRQ ZKL FK GHSHQGV WKH G\QDP L F W 7 W W￿7
6KDUSH UDW L R RI; IUR P W WR 7 L Q W KHI RO O RZL QJZD\
I KK 77 65 ;  RQ WKH VHWI( >Z ; @   5Z ; J W 7 W W￿7 W￿7
I KK K 77 7 65 ;  65 RQ W KH VHWI( >Z ; @ !5 Z; J W 7 W W￿7 W￿7 W￿7
I KK K 77 7 65 ;  b 65 RQ W KH VHWI( >Z ; @ 5 Z; J 7W W W￿7 W￿7 W￿7
LLL ,I Z ;  LV 3 DO P RVWVXUHO \ GLpHUHQWIURP ]HURWKHQ WKH VWUDWHJ\ ; LQ YHVWV IUR P WLP H W
W W RQ D IUDFWLRQ p RI LWV LQ LWLDO Z HDOWK LQ WKH G\Q D P LF SR UWIR OLR ; ZKL O H W KH U HV WL V W
LQ YHVWHG LQ WK H ER Q G Z LWK
)r WW S p  b    W I KZ;  5Z ;  WW W W￿7
7KHU H W XU Q 5 ;  IURP W WR 7 VDWLVqHV W￿7
I W 5 ;  p5 ;  b p 5 WW W￿7 W￿7 W￿7
K ￿ 7 65  W￿7 II K 7 ( >5 ; @ b 5   b 5p  W￿7 W W W￿7 W￿7 K 7 ￿  65  W￿7
K ￿ 7 65  W￿7 I K ￿￿ 7 9DU >5 ; @  5  p uv W￿7 WW W￿7 ￿ K 7 ￿  65  W￿7
DQG
uv
II KK K ￿￿ 77 7 65  5  b p   65  ( >5 ; @ b 5 W W￿7 W W￿7 W￿7 W￿7 W￿7
  ' \QDP L F (s FL HQW )URQWL HU
/HPPD  KDV GLVSOD\HG D IDPLO\ RI G\QDPLF SRUWIROLRV RQ WKH HsFLHQW IURQWLHU :H VWXG\
QRZ WKH UHFLSURFDO SUREOHP :H VHHN WR FRQVWUXFW D VROXWLRQ WR WKH PHDQYDULDQFH SRUWIROLR
VHOHFWLRQ 3UREOHP  IRU D JLYHQ LQLWLDO ZHDOWK Z DQG D JLYHQ H[SHFWHG qQDO YDOXH :  WW ￿ 7
%RWK Z DQG : DUH NQRZQ DW WLPH W EXW PD\ EH UDQGRP YDULDEOHV LQ ) 8 Q G H U V R P H WW ￿ 7 W
K 7 UHJXODULW\ FRQGLWLRQV RQ 65  WKLV ZLOO WKHQ DOORZ XV WR GHVFULEH DOO WKH SRUWIROLRV RQ WKH W￿7
HsFLHQW IURQWLHU
S ￿ 3 URSRVL WL RQ  : H FR Q VLG HU D Q LQ LWLDO Z HDOWK Z DWWL P H W LQ / 3 K DQG DQ H[SHFWHG WW W
qQDOYDO XH : P HDVXUDEO H ZLWK UHVSHFWWR ) , I: DQG Z DUH VXFK WKDWWKHUH H[LVWV D W￿7 W W￿7 W
UDQGRP YDULDEO H ) P HDVXUDEO H ZLWK UHVSHFWWR ) Z K LFK VDWLVq HV WW
uv
I KK ￿￿ 77 65  )   65  :b 5Z   WW ￿ 7 W W￿7 W￿7 W￿7
S ￿ W DQG VXFK WKDW ( >K @ b +  ) LV LQ / 3 WKHQ WKH G\QDP LF SRUWI RO LR ;   r; )  WW W W W 7 W￿7 W SS
ZL W K r   KZ b +)EHO RQJV WR WKH Hs FLHQW IURQWLHU () DQG VRO YHV WW WW W W ￿ 7
K 7 HVVLQI9 DU >Z ; @ 7 W 
! ! ; ; W￿7 ! 
V W Z ;  Z WW ! ! ! K 7  ( >Z ; @   : 7W ￿ 7 W
K 7 :H UHPDUN WKDW WKH YDULDEOH ) LV QRW GHqQHG E\ (TXDWLRQ  RQ WKH VHW I65  J W W￿7
W 2Q WKLV VHW ZH OHDUQ IURP 6WDWHPHQW L RI 3URSRVLWLRQ  WKDW WKH WZR VWUDWHJLHV ; DQG
 U H W X U QW K HU L V NI U H HU D W HV RW K D W; FDQ EH LGHQWLqHG ZLWK DQ LQYHVWPHQW LQ WKH ERQG W￿7
7KH QH[W ORJLFDO VWHS LV WR LQYHVWLJDWH LI WKH FRQGLWLRQ RQ : DQG Z VWDWHG LQ 3URSRVL W W￿7
WLRQ  LV HDV\ WR PHHW 7KH QH[W UHVXOW VKRZV WKDW XQGHU VRPH UHJXODULW\ FRQGLWLRQ RQ WKH
RSWLPDO G\QDPLF 6KDUSH UDWLR DQ H[SHFWHG qQDO YDOXH WDUJHW : D Q GD QL Q W L D OZ H D O W KZ W￿7 W
DW WLPH W VDWLVI\ WKH GHVLUHG FRQGLWLRQ LI WKH\ DUH WKH H[SHFWHG qQDO YDOXH DQG WKH LQLWLDO
ZHDOWK DW WLPH W RI DW OHDVW RQH G\QDPLF SRUWIROLR LQ ;  7KLV LV D QDWXUDO UHTXLUHPHQW IRU W￿7
WKH PHDQYDULDQFH SUREOHP WR EH ZHOO SRVHG :H VWDUW E\ VWDWLQJ WZR W\SHV RI UHJXODULW\
K 7 F R Q G L W L R QR QW K H6 K D U S HU D W L R6 5  W￿7
K 7 &RQGL WL RQ  7KH RSWL P DOG\QDP L F 6KDUSH UDWL R 65 L V ERXQGHG WKHUH H[L VWV D FRQVWDQW W￿7
K 7 . VXFK WKDW 65  .  W￿7
K 7 &RQGL WL RQ  7 KH RSWL P DO G\QDP LF 6KDUSH UDWLR 65 LV XQLIRUP O \ ERXQGHG DZD\ IURP W￿7
K 7 ]HUR WKHUH H[LVWV D FRQVWDQW t VXFK WKDW  t 65  W￿7
:H NQRZ WKDW  +  ( >K @ ,W LV HDVLO\ FKHFNHG WKDW &RQGLWLRQV  DQG  KROG DV VRRQ WW 7
DV WKH YDULDEOH + UHPDLQV XQLIRUPO\ ERXQGHG DZD\ IURP UHVSHFWLYHO\  DQG ( >K @ W W 7
/ H PPD: H FRQ VLG HU D SR VLWLYH LQ LWLD O Z HDOWK Z DW WL P H W DQG DQ H[SHFWHG qQDO YDO XH W
WDUJHW : VXFK WKDW WKHUH H[LVWV DW O HDVW RQH SRUWIRO LR ; LQ ; Z K LFK VDWLVq HV ERWK W￿7 W￿7
K 7 Z ;  Z DQG ( >Z ; @   :  ,I & RQ GLWLRQ  RU  KROGV WKHQ WKHUH H[LVWV D UDQ GRP WW 7 W ￿ 7 W
YDULDEO H ) P HDVXUDEO H ZLWK UHVSHFW WR ) VRO XWLRQ WR (TXDWLRQ  RI3URSRVLWLRQ WKDWLV WW
VROX WLRQ WR
uv
I KK ￿￿ 77 65  )   65  :b 5Z  WW W￿7 W￿7 W￿7 W￿7
S ￿ DQG VXFK WKDW ( >K @ b +  ) LV LQ / 3  WW W 7 W
K 7 1RWLFH WKDW &RQGLWLRQ  LPSOLHV WKDW   65 DQG ) LV WKHQ XQLTXHO\ GHqQHG XS W W￿7
WR D ]HUR SUREDELOLW\ VHW WKURXJK (TXDWLRQ  &RQGLWLRQ  GRHV QRW H[FOXGH KRZHYHU
K 7 WKH SRVVLELOLW\ WKDW WKH VHW I65  J KDYH QRQ ]HUR SUREDELOLW\ 2Q WKLV VHW KRZHYHU W￿7
I 6WDWHPHQW L RI3URSRVLWLRQ  SURYHV WKDW :   5Z  WKH ULJKW KDQG VLGH RI(TXDWLRQ  W W￿7 W￿7
LV HTXDO WR ]HUR DQG ZH DUH IUHH WR SLFN DQ\ YDOXH IRU WKH YDULDEOH )  W
7KH QH[W UHVXOW \LHOGV D IXOO GHVFULSWLRQ RI ()  ,W LV D WZR IXQG VHSDUDWLRQ WKHRUHP W￿7
LQ D FRQGLWLRQDO IRUP 8QGHU VRPH UHJXODULW\ FRQGLWLRQ HYHU\ HsFLHQW SRUWIROLR RQ () W￿7
W F D QE HL G H Q W L q H GZ L W KDF R P E L Q D W L R QR IW K HV W U D W H J \; DQG WKH ERQG %HFDXVH RI SRVVLEOH
UHGXQGDQF\ EHWZHHQ WKH VHFXULWLHV WKH LGHQWLqFDWLRQ LV RQO\ PHDQLQJIXO LQ WHUPV RI WKH
YDOXH SURFHVVHV RI WKH VWUDWHJLHV
3 URSRVL WL RQ  7 ZR IXQG VHSDUDWLRQ ,I& RQGLWLRQ  RU  LV VDWLVqHGWKHQ IRU HYHU\ SRUW
IROLR ; RQ WK H Hs FLHQ W IUR Q WLHU () WKHUH H[LVWV D UDQGRP YDULDEO H ) LQ ) VX FK WKDW WKH WW W￿7
G\QDP L F VWUDWHJ\ ; KDV D YDOXH SURFHVV EHWZ HHQ W DQG 7 LGHQWLFDO WR WKH YDOXH SURFHVV RI
SS W WKH SRUWIROLR <   r;  )  LQ ; ZL W K Z   Z ;  DQG r   KZ b +)7K H WW W ￿ 7 W ￿ 7 W W W W W W W
S ￿ UDQGRP YDULDEOH ) VDWLVqHV ( >K @ b +  )  / 3  DQG L V VRO XWL RQ WR (TXDWL RQ  RI WW 7 W W W
3 UR SRVLWLR Q   WK DW LV
uv
I KK K ￿￿ 77 7 65  )   65  ( >Z ; @ b 5Z ;  WW 7 W W￿7 W￿7 W￿7
3URSRVLWLRQ  SURYHV LQ SDUWLFXODU WKDW () LV D YHFWRU VXEVSDFH RI ;  ,W LV D JHQ W￿7 W￿7
HUDOL]DWLRQ RI WKH ZHOO NQRZQ WZR IXQG VHSDUDWLRQ WKHRUHP ZKLFK REWDLQV LQ D RQH SHULRG
VHWWLQJ DV H[SRVHG IRU LQVWDQFH LQ +XDQJ DQG /LW]HQEHUJHU  %DMHX[%HVQDLQRX DQG
3RUWDLW  GHULYH D VLPLODU UHVXOW LQ D FRQWLQXRXV WLPH DQG FRPSOHWH PDUNHW VHWWLQJ
:H FRQFOXGH WKH VWXG\ RI WKH VWUXFWXUH RI WKH HsFLHQW IURQWLHU E\ VKRZLQJ WKDW WKH VHW
GHI ￿ Z ()  IZ ; ; ( ) JRI YDOXHV DW WLPH 7 RI SRUWIROLRV RQ WKH HsFLHQW 7W ￿ 7 7 W ￿ 7
S ￿ IURQWLHU () LV FORVHG LQ / 3 K  W￿7 7
3 URSRVL WL RQ  ,I & RQ G LWLRQ  R U  LV VDWLVq HG WK HQ WKH VHW Z ()  RIYDO XHV DWWL P H 7 7W ￿ 7
S ￿ RI SRUWIROLR V R Q WKH Hs FLHQ W IUR Q WLHU () LV FOR VHG LQ / 3 K  W￿7 7
:H VWXG\ LQ WKH QH[W VHFWLRQ WKH SURMHFWLRQ RI D SD\Rp RQWR WKH FORVHG VHW Z ()  7W ￿ 7
￿ 7KH / GLVWDQFH WR WKH VHW Z ()  LV UHODWHG WR DQ H[WHQGHG QRWLRQ RI 6KDUSH UDWLR IRU 7W ￿ 7
JHQHUDO SD\RpV
  * HQ HUD OL]HG ' \ Q D P LF 6 K D US H 5 D WLR D Q G ' LVWD Q FH WR ( s FLHQ F\
S ￿ :H H[WHQG WKH QRWLRQ RI G\QDPLF 6KDUSH UDWLR WR DQ\ FRQWLQJHQW FODLP ) LQ / 3 K  77
E\ VHWWLQJ
I K 7 ( >) @ b 54 )  7W 7 K W GHI ￿ W￿7 7 a T 65 )   7 W￿7 K 7 9DU >) @ 7 W
K GHI ￿ 7 KK 7 7 a ZKHQ 9DU >) @L VQ R Q] H U RD Q G6 5  )    ZKHQHYHU 9DU >) @  ) R UDS R U W I R O L R 777 W￿7 WW
; LQ ; ZH NQRZ IURP 6WDWHPHQW L RI /HPPD  WKDW 4 Z ;    Z ;  DQG ZH FKHFN WW W￿7 7
K 7 K 7 a WKDW 65 Z ;   65 ;  7 W￿7 W￿7
K 7 a 7KH JHQHUDOL]HG G\QDPLF 6KDUSH UDWLR 65 )  GHVFULEHV WKH PHDQYDULDQFH WUDGHRp RI 7 W￿7
WKH LQYHVWPHQW VWUDWHJ\ ZKLFK FRQVLVWV LQ SXUFKDVLQJ WKH FODLP ) DW WLPH W DW WKH SULFH 7
4 )  DQG KROGLQJ LW XS WR KRUL]RQ 7  7KLV LQYHVWPHQW PD\ RQO\ EH YLUWXDO ZKHQ WKH W7
SD\Rp ) LV QRW PDUNHWHG WKDW LV ZKHQ LW GRHV QRW EHORQJ WR Z ;  ,Q WKLV FDVH WKH 7 7W ￿ 7
W￿4 ￿) ￿￿) W 77 FORVHVW DYDLODEOH LQYHVWPHQW VWUDWHJ\ LV ; DQG ZH LQYHVWLJDWH KRZ WKH G\QDPLF
6KDUSH UDWLR RIWKLV RSWLPDO UHSOLFDWLRQ UHODWHV WR WKH RQH RIWKH SD\Rp 7KH QH[W SURSRVLWLRQ
VKRZV WKDW WKH QRWLRQ RI G\QDPLF 6KDUSH UDWLR LV LQ IDFW FORVHO\ FRQQHFWHG WR WKH TXDOLW\ RI
D UHSOLFDWLRQ VWUDWHJ\
3 URSRVL WL RQ  : H DVVX P H WKD W & RQ GLWLRQ  R U  LV VDWLVq HG D Q G Z H FRQ VLGHU D SD\R p ) 7
SS ￿￿ LQ / 3 K  D Q GDZ H D O W KZ LQ / 3 K  7W W W
"" W" " " L /HW ;   r;  )  Z KHUH WKH WZ R YDULDEO HV r DQG ) DUH GHqQHG E\ W￿7 WW W W
uv
I K 7 ( >) @ b 54 )  W 77 W ( >K @ W￿7 W 7 " S r   b  W K 7 ￿ + 65  W W￿7 uv
I K 7 ( >) @ b 54 )  7W 7 W W￿7 K " 7 )   ( >) @  7 W W K 7 ￿ 65  W￿7
KK K "" 77 7 RQ WKH VHW I65 ! J DQG r  DQG )   ( >) @ RQ WKH VHW I65   J7K H 7 WW W W￿7 W￿7
KK """ 77 SRUWIROLR ; LV LQ () V D W L V qH VZ ;  4 )  DQG ( >Z ; @   ( >) @ W￿7 W W 7 7 7 WW
DQG VRO YHV WKH RSWL P L ]DWL RQ SURJUDP
KL
K ￿ 7 HVVLQI( ) b Z ;  77 W 
V W ; ( )W￿7
ZL W KPL Q L PX P Y D O X H
KL
K ￿ KK K "" " 77 7 7 ( ) b Z ;    9DU >) b Z ; @   9DU >) @ b 9DU >Z ; @ 77 77 7 7 WW W W
LL 7 K H IROORZ LQ J LQ HTX DOLWLHV KR OG
Ku v L
KK K "W ￿ 4 ￿) ￿￿) 77 7 W 77 9DU >Z ; @  9DU Z;  9DU >) @ 77 7 WW W
K 7 KK K W￿4 ￿) ￿￿) " 77 7 W 77 a 65 )   65 ;   65 ;  65  7 W￿7 W￿7 W￿7 W￿7
KK K " 77 7 2QW K HV H WI65   J ZHKDY H9DU >Z ; @   DQG RQ WKH VHWI65 ! J 7 W W￿7 W￿7
K 7 ￿ a 65 )  7 W￿7 KK " 77 9DU >Z ; @   9DU >) @ 77 WW K 7 ￿ 65  W￿7
S "" W LLL 7 K H SR UWIR OLR <   ;  K Z b 4 ) ; LV LQ () DQG VRO YHVWKH RSWL P L]DWL RQ WW W 7W ￿ 7
SURJUDP KL
K ￿ 7 HVVLQI( ) b Z ;  77 W 
  ; ( )W￿7 V W
 Z ;  Z WW
ZL W KPL Q L PX P Y D O X H
KL KL K W K ￿ K ￿ ￿ "" 7 7 ( ) b Z <   Z b 4 )  ( ) b Z ;   77 W W 7 77 WW ( >K @ W 7
6WDWHPHQWV L DQG LLL FRQVLGHU WKH SUREOHP RI WKH RSWLPDO UHSOLFDWLRQ RI D SD\Rp GH
VFULEHG LQ 3URSRVLWLRQ  EXW WKLV WLPH OLPLWHG WR HsFLHQW SRUWIROLRV 7KH RSWLPDO VROXWLRQ
VWDUWV DJDLQ IURP WKH LQLWLDO ZHDOWK 4 )  W7
6WDWHPHQWV LL SURYHV WKDW WKH JHQHUDOL]HG 6KDUSH UDWLR RI D SD\Rp LV DOZD\V VPDOOHU
WKDQ WKH 6KDUSH UDWLR RI LWV RSWLPDO UHSOLFDWLRQ VWUDWHJ\ DQG WKHUHIRUH DOVR VPDOOHU WKDQ
KK 77 W K HR S W L P D OG \ Q D P L F6 K D U S HU D W L R6 5 2 QW K HV H WI65 ! J WKH HTXDOLW\ W￿7 W￿7

K 7 ￿ KL a 65 )  7 W￿7 KK ￿ " 77 #$ ( ) b Z ;   9DU )  b 77 7 WW K 7 ￿ 65  W￿7
VKRZV WKDW WKH GLVWDQFH WR HsFLHQF\ RID SD\Rp)  WKDW LV WKH GLVWDQFH EHWZHHQ ) DQG WKH 77
S K 7 ￿ a VHW Z () L Q/ 3 K  LV PHDVXUHG E\ WKH JDS EHWZHHQ 65 ) D Q GW K HR S W L P D O 7W ￿ 7 7 7 W￿7
K 7 6KDUSH UDWLR 65  7KLV PDNHV SUHFLVH WKH LQWXLWLYH LGHD WKDW D 6KDUSH UDWLR PHDVXUHV WKH W￿7
GLVWDQFH WR HsFLHQF\ RI DQ LQYHVWPHQW RSSRUWXQLW\
K W￿4 ￿) ￿￿) 7 W 77 1RWLFH WKDW LW UHVXOWV IURP /HPPD  WKDW RQ WKH VHW I65 ;     J ZH DOVR W￿7
KDYH

K z 7 ￿ uv a ￿ 65 )  7 W￿7 KK W￿4 ￿) ￿￿) 77 W 77 #$ () b Z ;  9 D U  )  b  77 7 WW K 7 W￿4 ￿) ￿￿) ￿ W 77 65 ;  W￿7
DQG WKH TXDOLW\ RI WKH UHSOLFDWLRQ RI )  ZKLFK LV DOVR WKH GLVWDQFH IURP ) WR WKH VHW 77
S K 7 ￿ a Z ; L Q/ 3 K  LV PHDVXUHG E\ WKH JDS EHWZHHQ 65 ) D Q GW K H6 K D U S HU D W L R 7W ￿ 7 7 7 W￿7
RI WKH RSWLPDO UHSOLFDWLRQ VWUDWHJ\ 6LQFH Z () L VDV X E V H WR IZ ;  ZH GHULYH WKH 7W ￿ 7 7 W ￿ 7
K 7 IROORZLQJ XSSHU ERXQG WR * )  RQ WKH VHW I65 ! J W 7 W￿7

K 7 ￿ a 65 )  7 W￿7 K 7 #$ * )   ( >K @9DU )  b  W7 W 7 7 W K 7 ￿ 65  W￿7
 7L PH &RQVL VWHQF\ DQG 0 \RSL D
:H KDYH VWXGLHG VR IDU WZR PHDQYDULDQFH RSWLPL]DWLRQ SURJUDPV WKH RSWLPDO UHSOLFDWLRQ
RI D FRQWLQJHQW FODLP DQG WKH VHOHFWLRQ RI DQ HsFLHQW SRUWIROLR :H VKDOO UHIHU WR WKHVH WZR
SURJUDPV FROOHFWLYHO\ DV G\QDPLF PHDQYDULDQFH LQYHVWPHQW SUREOHPV 7KH G\QDPLF QDWXUH
RI RXU DQDO\VLV DOORZV XV WR GHVFULEH WKHVH SUREOHPV DORQJ WZR WLPH GLPHQVLRQV DV WLPH
HYROYHV IRU D q[HG KRUL]RQ RQ WKH RQH KDQG DQG DW D JLYHQ WLPH EXW ZLWK YDU\LQJ KRUL]RQV
RQ WKH RWKHU KDQG
7KH WLPH EHKDYLRU RI DQ HsFLHQW SRUWIROLR UDLVHV WKH LVVXH RI WLPH FRQVLVWHQF\ &RQVLGHU
DQ HsFLHQW SRUWIROLR DW WLPH W ZLWK D JLYHQ ULVN SURqOH IRU KRUL]RQ 7 : HV K R Z L Q 6 H F W L R Q   
WKDW WKLV VWUDWHJ\ UHPDLQV HsFLHQW DW D ODWHU GDWH IRU WKH VDPH KRUL]RQ EXW IRU D QHZ ULVN
SURqOH ZKLFK GHSHQGV RQ WKH SDVW SHUIRUPDQFH
&KDQJLQJ WKH KRUL]RQ LV D PRUH FRPSOH[ RSHUDWLRQ EHFDXVH LW XVXDOO\ FRUUHVSRQGV WR D
GLpHUHQW RSWLPL]DWLRQ SURJUDP ,Q WKH VSHFLDO FDVH ZKHUH WKH RSWLPDOLW\ RI D VWUDWHJ\ GRHV
QRW GHSHQG RQ WKH KRUL]RQ ZH VD\ WKDW P\RSLD LV RSWLPDO IRU WKH G\QDPLF PHDQYDULDQFH
LQYHVWPHQW SUREOHP ,QGHHG WKLV PHDQV LQ SDUWLFXODU WKDW D VKRUW VLJKWHG LQYHVWRU ZKR
VHOHFWV D SRUWIROLR ZLWK D VKRUW LQYHVWPHQW KRUL]RQ DOVR DFWV RSWLPDOO\ IRU ORQJHU KRUL]RQV
0RVVLQ  VWDWHV WKDW P\RSLD LV RSWLPDO IRU D G\QDPLF PHDQYDULDQFH LQYHVWPHQW
SUREOHP ZKHQ WKH RSWLPDO VROXWLRQ LV REWDLQHG DV D VHULHV RI VLQJOH SHULRG GHFLVLRQV ZKHUH
HDFK SHULRG LV WUHDWHG DV LI LW ZHUH WKH ODVW RQH 2XU GHqQLWLRQ LV PRUH UHVWULFWLYH DV VSHFLqF
WLPH FRQVLVWHQF\ UXOHV OLQN VKRUW DQG ORQJ WHUP SRUWIROLRV ,Q WKH FDVH RI WKH RSWLPDO
UHSOLFDWLRQ RI D FRQWLQJHQW SD\Rp )  WLPH FRQVLVWHQF\ FRPHV IURP WKH GHqQLWLRQ RI WKH 7
WDUJHWHG SD\Rp ) HYHU\ SHULRG )RU WKH HsFLHQW SRUWIROLR VHOHFWLRQ SUREOHP WKH WLPH W
FRQVLVWHQW UXOHV DUH GHVFULEHG LQ 6HFWLRQ 
:H VKRZ WKDW WKH YDULDEOH K DFWV DV D FRUUHFWLRQ OHQV IRU WKH G\QDPLF PHDQYDULDQFH
LQYHVWPHQW SUREOHPV 0\RSLD EHFRPHV RSWLPDO RQFH ZH ZRUN ZLWK WKH PRGLqHG SUREDELOLW\
K W 3 IRU KRUL]RQ W: HV W X G \W K HU R O HR IK DV D FRUUHFWLRQ OHQV IRU WKH RSWLPDO UHSOLFDWLRQ LQ
6HFWLRQ  DQG IRU WKH PHDQYDULDQFH SRUWIROLR VHOHFWLRQ LQ 6HFWLRQ 
 7 LP H & RQVLVWHQF\ RIDQ ( s FLHQW 3RUWIROLR
:H NHHS WKH LQYHVWPHQW KRUL]RQ 7 q[HG DQG ZH FRQVLGHU D SHULRG V VXFK WKDW W  V 7
:H qUVW UHSRUW RQ WKH HYROXWLRQ RI WKH RSWLPDO G\QDPLF 6KDUSH UDWLR XS WR KRUL]RQ 7 DV
ZH FKDQJH WKH LQLWLDO SHULRG IURP W WR V
5H V X O W 7KH I RO O RZL QJ W ZR L QHTXDO L W L HV KRO G

 K 7   ( W KK 77 ￿￿  65    65  W￿7 V￿7
KL
KK ￿￿ 77 (+ 65   + 65   WV W V￿7 W￿7
KK 77 DQG L Q SDUWLFXO DU 65  RQ WKH VHWI65   J V￿7 W￿7
K 7 :H QRWLFH WKDW LI65 LV PHDVXUDEOH ZLWK UHVSHFW WR )  IRU LQVWDQFH LILW LV GHWHUPLQLVWLF W V￿ 7
KK 77 WKHQ 65  65 DQG D ORQJHU LQYHVWPHQW KRUL]RQ OHDGV WR D KLJKHU RSWLPDO 6KDUSH UDWLR V￿7 W￿ 7
:H VKRZ WKDW DQ HsFLHQW SRUWIROLR DW WLPH W LV VWLOO RQ WKH HsFLHQW IURQWLHU DW WLPH VD Q G
ZH UHSRUW RQ WKH HYROXWLRQ RI LWV FRPSRVLWLRQ DQG RI LWV ULVN UHWXUQ SURqOH %RWK GHSHQG RQ
WKH SDVW SHUIRUPDQFH RI WKH VWUDWHJ\
5H V X O W : H D VVX P H WK DW & R Q GLWLR Q  R U  LV VD WLVq HG DQ G Z H FRQ VLGHU D SR UWIR OLR ; RQ
WK H Hs FLHQ W IURQ WLHU ()  W￿7
L 7 KH UHVWULFWLRQ RI ; IURP WLP H V WR KRUL]RQ 7 LV RQ WKH Hs FLHQ W IUR Q WLHU () DW V￿7
WLP H V
K 7 LL 7 KH H[SHFWHG qQDOYDO XH ( >Z ; @ RISRUWIRO LR ; DWWLP H V VDWLVqHV 7 V
uv
I K ￿ K 7 7  65  ( >Z ; @ b 5Z ;   7V V V￿ 7 V￿7
K ￿ 7 uu v v 65  V￿ 7 I KK ￿ 77  65  ( >Z ; @ b 5Z ;  7W W W￿7 W￿7 K 7 ￿ 65  W￿7
K 7 RQ WKH VHWI  65 J W￿7
W LLL / HW <   r;  )  EH WKH SRUWIROLR G HVULEHG LQ 3 URSRVLWLRQ  Z K LFK FRP ELQ HV D W W W W￿7
W WLP H W WKH VWUDWHJLHV ; DQG  DQG Z KLFK KDV WKH VDP H YDOXH SURFHVV DV ; , IZ ;  W￿7 W
DQG Z ;  GR QRW YDQL VKWKHQ WKH IUDFWLRQV p DQG p RI YDO XH LQYHVWHG UHVSHFWLYHO \ VW V
W DWWL P H W DQG V E\ WKH SRUWIRO LR < LQ WKH VWUDWHJ\ ; DUH O L QNHG E\ WKH I RUP XO D
I 5 W￿7  b p   b p   VW I 5 ; 5 W￿V V￿ 7
K 7 ZL W K5 ;  Z ;  Z ;  DQG WKH H[SHFHG UHWXUQ ( >5 ; @ RISRUWI RO L R ; DW W￿V V W V￿7 V
WLP H V VDWLVqHV
uv
I K ￿ K 7 7  65  ( >5 ; @ b 5   V￿7 V V￿7 V￿7
uu v v
I KK ￿ 77 K ￿ 7  65  ( >5 ; @ b 5 65  W￿7 W W￿7 W￿7 V￿7  K 7 ￿ 5 ;  W￿V 65  W￿7
5HVXOW  \LHOGV DQ DQVZHU LQ WKH PHDQYDULDQFH VHWWLQJ WR D ORQJ VWDQGLQJ LVVXH LQ WKH
LQYHVWPHQW FRPPXQLW\ DV WR ZKHWKHU RQH VKRXOG EHFRPH OHVV DJJUHVVLYH QHDU WKH PDWX
ULW\ RI D SRUWIROLR 7KLV WLPH GLYHUVLqFDWLRQ FRQWURYHUV\ KDV EHHQ WDFNOHG IRU LQVWDQFH LQ
6 D P X H O V R Q      7 K R U O H \      9 D Q( D W R QD Q G& R Q R Y H U      D Q G+ D Q V V R QD Q G3 H U V 
VRQ 
9DULDWLRQV WKURXJK WLPH RIWKH IUDFWLRQV RIYDOXH LQYHVWHG LQ ERWK WKH ULVNOHVV VHFXULW\  W￿7
￿ W DQG WKH / PLQLPXP SRUWIROLR ; D U HG X HW RW K HI D F WW K D WD QH s F L H Q WG \ Q D P L FS R U W I R O L R
GRHV QRW UHDOORFDWH ZHDOWK EHWZHHQ WKHVH WZR VHOI qQDQFLQJ VWUDWHJLHV $V D UHVXOW WKHLU
UHODWLYH SRUWIROLR ZHLJKWV GHSHQG RQ WKHLU UHODWLYH SDVW SHUIRUPDQFHV
,Q WKH XVXDO VLWXDWLRQ ZKHUH p LV QHJDWLYH VR WKDW ERWK WKH 6KDUSH UDWLR DQG WKH ULVN W
SUHPLXP RI WKH VWUDWHJ\ DW WLPH W DUH SRVLWLYH 6WDWHPHQW LLL VKRZV WKDW WKH SHUFHQWDJH
LQYHVWPHQW LQ WKH ULVN\ VHFXULWLHV GHFUHDVHV ZKHQHYHU WKH UHWXUQ 5 ;  RI WKH VWUDWHJ\ W￿V
II LV ODUJHU WKDQ WKH UHWXUQ 5 5 RI WKH ]HUR FRXSRQ ERQG $OWKRXJK WKHVH FDVHV RFFXU V￿ 7 W￿7
IUHTXHQWO\ RQH FDQQRW UXOH RXW VLWXDWLRQV ZKHUH D EDG SDVW SHUIRUPDQFH ZRXOG V\PHULFDOO\
OHDG WR D PRUH DJJUHVVLYH SRUWIROLR
:H REWDLQ D VLPLODU DQVZHU LQ WHUPV RI H[SHFWHG UHWXUQ $ VPDOO UHWXUQ 5 ; I U R PW WR W￿V
V OHDGV WR D ODUJH H[SHFWHG UHWXUQ DW WLPH V DV LI WR FRPSHQVDWH IRU D EDG SDVW SHUIRUPDQFH
6\PPHWULFDOO\ D VWURQJ UHWXUQ IURP W WR V OHDGV WR D FRQVHUYDWLYH WDUJHW DW WLPH V1 R W L F H
WKDW 3URSRVLVWLRQ LLL LPSOLHV D PRUH FRPSOH[ DGMXVWPHQW RI WKH H[SHFWHG UHWXUQ WKDQ D
QDLYH H[ SRVW UXOH WKDW ZRXOG VHW
K 7 ( >5 ; @ W￿7 W K 7 ( >5 ; @    V￿7 V 5 ;  W￿V
6HFWLRQ  VKRZV WKH UHOHYDQFH RI WKH WLPH FRQVLVWHQF\ UXOHV GHVFULEHG LQ 5HVXOW  WKURXJK
D VLPSOH QXPHULFDO H[DPSOH $ FRPELQDWLRQ WKURXJK WLPH RIIUDJPHQWV RIHsFLHQW VWUDWHJLHV
QHHG QRW EH HsFLHQW LQ WKH ORQJ UXQ DQG PD\ UHVXOW LQ D VHYHUH ORVV RI HsFLHQF\
  0 \RSL D DQG 2 SWL P DO5 HSO L FDWL RQ
I ￿￿ :H DVVXPH IURP QRZ RQ WKDW K LV D SURFHVV LQ / 3  6LQFH K   + 5 D Q G +  WW W W￿7 S I ￿ ( >K @ WKLV KDSSHQV IRU LQVWDQFH DV VRRQ DV 5 LV LQ / 3 K  IRU HYHU\ SHULRG W EHWZHHQ W7 7 W￿7
D Q G 7 b  1RWLFH WKDW LI ZH FKRRVH WKH ULVNOHVV ]HUR FRXSRQ ERQG ZLWK PDWXULW\ 7 DV
I QXPHUDLUH 5   DQG WKLV FRQGLWLRQ LV VDWLVqHG W￿7
￿ $V V X PS W L R Q)RU HYHU\ SHULRG W EHWZ HHQ  DQG 7 b W KHY DU L DE O HK LV LQ / 3  W
:H FRQVLGHU DQ LQWHUPHGLDWH WUDGLQJ SHULRG V VXFK WKDW W  V 7 $VVXPSWLRQ  DOORZV
K V XV WR FRQVWUXFW WKH PRGLqHG SUREDELOLW\ 3 IRU KRUL]RQ V IURP WKH RULJLQDO SUREDELOLW\ 3
S ￿ K ￿ V WKURXJK WKH 5DGRQ1LNRG\P GHULYDWLYH K ( >K @ 6LQFH / 3  / 3 K  WKHUHJXODU VV V
L]DWLRQ SURSHUW\ RI K LPSOLHV WKDW WKH SULFHV RI WKH VHFXULWLHV DQG WKH YDOXHV RI WKH G\QDPLF
SRUWIROLRV LQ ; KDYH qQLWH VHFRQG PRPHQWV DW WLPH V LQ WKH PRGLqHG SUREDELOLW\ GLVWUL W￿7
K V EXWLRQ 3  7KH IDFW WKDW ZH VWDWHG WKH PHDQYDULDQFH LQYHVWPHQW SUREOHPV IRU KRUL]RQ
7 ZLWK D JHQHUDO SRVLWLYH ZHLJKW K QRW QHFHVVDULO\ HTXDO WR RQH DOORZV XV WR DSSO\ WKH 7
SUHYLRXV UHVXOWV WR DQ LQWHUPHGLDWH KRUL]RQ V ZLWK WKH ZHLJKW K  %HFDXVH WKH SURFHVV K V
LV FRPSXWHG EDFNZDUGV IURP LWV qQDO YDOXH WKURXJK (TXDWLRQ  FKRRVLQJ WKH ZHLJKW K DW V
WLPH V LPSOLHV WKDW WKH SURFHVV K LV XQFKDQJHG IURP WLPH W XS WR KRUL]RQ V DV ZH VKRUWHQ
WKH KRUL]RQ IURP 7 WR V )XUWKHUPRUH 6WDWHPHQW LL RI 3URSRVLWLRQ  SURYHV WKDW WKH VHW
S ￿ ; RI G\QDPLF VHOI qQDQFLQJ SRUWIROLRV ZLWK qQDO YDOXHV DW SHULRG V LQ / 3 K L VW K H W￿V V V
UHVWULFWLRQ IURP W WR V RI G\QDPLF SRUWIROLRV LQ ;  W￿7
S ￿ ,IZH FRQVLGHU D SD\Rp) LQ / 3 K  ZH UHPDUN IURP 3URSRVLWLRQ  WKDW )   4 )  77 V V 7
LV WKH YDOXH DW WLPH V RI WKH FRQGLWLRQDO SURMHFWLRQ DW WLPH V RI )   4 ) R Q W RW K H V￿￿ V￿￿ 7
S ￿ UDQGRP YHFWRU  IRU WKH VFDODU SURGXFW RI / 3 K  ,Q RWKHU ZRUGV WKH SURJUDP V￿￿ V￿￿
KL cd ￿ ￿ HVVLQI(K ) b ; VV ￿￿ V￿￿ V V￿￿
V W ; UDQGRP YHFWRU LQ ) VV
" ￿ ￿ " LV VROYHG LQ ;   1( >K)@D Q G)   S; LV WKH YDOXH DW WLPH V RIWKH RSWLPDO VV ￿￿ V￿￿ V￿￿ V VV V V
" SRUWIROLR ;  1RWLFH DOVR WKDW WKH HTXDOLW\ V
KL ef ￿ ￿ ￿ J b ( >J @ (K ) b (K )  1( >K)@ VV V ￿￿ VV ￿￿ VV ￿￿ V￿￿ VV ￿￿ V￿￿ V￿￿ V￿￿ V￿￿ V
KL cd ￿ ￿ "   (K ) b ; VV ￿￿ V￿￿ V￿￿ V
LPSOLHV WKDW
7 b￿ KL ; cd ￿ ￿ " J   (K ) b ;  WW V ￿￿ V￿￿ V￿￿ V
V  W
ZKLFK VKRZV WKDW WKH UHSOLFDWLRQ HUURU J LV WKH VXP RI WKH GLVWDQFHV EHWZHHQ ) DQG LWV WV ￿￿
SURMHFWLRQ DW HYHU\ VWHS RI WKH UHSOLFDWLRQ
K ￿ V￿￿ ,Q WKH PRGLqHG SUREDELOLW\ 3  WKH SURJUDP DERYH EHFRPHV D VWDQGDUG / SURMHFWLRQ
ZKLFK ZULWHV KL cd K ￿ V￿￿ ￿ HVVLQI( >K @ () b ;  V VV ￿￿ V￿￿ V V￿￿
V W ; UDQGRP YHFWRU LQ ) VV
W￿Z ￿) W 7 :H UHPDUN IXUWKHUPRUH WKDW WKH RSWLPDO SRUWIROLR ; LV REWDLQHG DW WLPH V DV WKH V
VROXWLRQ WR KL cd K ￿ V￿￿ ￿ HVVLQI() b ; V V￿￿ V V￿￿ 
 ; UDQGRP YHFWRU LQ ) VV V W
￿  S;   Z VV V
W￿Z ￿) W 7 ZKHUH Z L VW K HZ H D O W KU H V X O W L Q JI U R PW K HS R O L F \; XS WR WLPH V b  DQG IURP WKH V
VHOI qQDQFLQJ FRQGLWLRQ DW WLPH VW K D WL V
W￿Z ￿) ￿ W 7 Z   ;  V V Vb￿
K V￿￿ 2QFH ZH PRGLq\ WKH SUREDELOLW\ GLVWULEXWLRQ IURP 3 WR 3  WKH LQYHVWPHQW DW WLPH V
W￿Z ￿) W 7 RI WKH RSWLPDO G\QDPLF SRUWIROLR ; LV REWDLQHG WKURXJK D VLPSOH P\RSLF RQH SHULRG
RSWLPL]DWLRQ SURFHGXUH ZKHUH WKH REMHFWLYH LV WR UHSOLFDWH WKH SD\Rp ) DV FORVHO\ DV V￿￿
￿ K V￿￿ SRVVLEOH LQ / 3  $ VXFFHVVLRQ RI P\RSLF RSWLPL]DWLRQ SURJUDPV \LHOGV WKH RSWLPDO
W￿Z ￿) W 7 G\QDPLF VROXWLRQ ; GHULYHG LQ 3URSRVLWLRQ  7KH SD\Rp ) ZKLFK RQH VHHNV WR V￿￿
UHSOLFDWH P\RSLFDOO\ DW WLPH V LV LWVHOI REWDLQHG E\ D UHFXUVLYH RQH SHULRG RSWLPL]DWLRQ
SURFHGXUH LQ WKH PRGLqHG SUREDELOLWLHV ,Q RWKHU ZRUGV LI ZH SODFH RXUVHOYHV HYHU\ SHULRG
K V￿￿ V LQ WKH SUREDELOLW\ 3 LQVWHDG RI WKH RULJLQDO SUREDELOLW\ 3  D VXFFHVVLRQ RI QDLYH VKRUW
￿￿ VLJKWHG / RSWLPL]DWLRQV OHDGV WR DQ RSWLPDO G\QDPLF / VROXWLRQ IURP WLPH W XS WR KRUL]RQ
7 7 K HY D U L D E O HK FDQ WKHUHIRUH EH GHVFULEHG DV D FRUUHFWLRQ OHQV IRU VKRUW VLJKWHG LQYHVWRUV
0RUH JHQHUDOO\ WKH IROORZLQJ UHVXOW D FRUROODU\ WR 3URSRVLWLRQ  VKRZV WKDW KHGJLQJ
ZLWK D VKRUW KRUL]RQ LV FRQVLVWHQW ZLWK D ORQJHU KRUL]RQ SURYLGHG WKDW RQH ZRUNV ZLWK WKH
SURSHUO\ PRGLqHG SUREDELOLW\ GLVWULEXWLRQ
S ￿ 5H V X O W /HWV EH D WUDGLQJ SHULRG EHWZHHQ W DQG 7  Z DQ LQ LWLDO Z HD OWK LQ / 3 K DQG WW W
￿ W￿Z ￿) W 7 ) DS D \ R pL Q/ 3  7 KH UHVWULFWLRQ IURP W WR V RIWKH RSWLP DOKHGJLQJ VWUDWHJ\ ; 7
￿ K V LV WKH VWUDWHJ\ ZKLFK EHVW UHSO LFDWHV WKH SD\Rp )   4 )  DW WL P H V LQ / 3  WKDW LV VV 7
ZKLFK VRO YHV KL
￿ HVVLQI(K ) b Z ;  WVV V 
 ; ; W￿V V W
 Z ;  Z WW
7LPH FRQVLVWHQF\ EHWZHHQ WKH VKRUW WHUP DQG WKH ORQJ WHUP SUREOHPV LV SURYLGHG E\ WKH
SD\Rp ) ZKLFK LV GHULYHG IURP WKH qQDO SD\Rp ) WKURXJK WKH RSHUDWRU 4  V7 V
  0 \RSL D DQG 0 HDQ9DUL DQFH 3RUWIRO L R 6HO HFWL RQ
:H VWXG\ WKH HpHFW RQ WKH HsFLHQW IURQWLHU RID FKDQJH LQ LQYHVWPHQW KRUL]RQ :H FRQVLGHU
DP D W X U L W \V EHWZHHQ W DQG 7 DQG ZH DQDO\VH WKH PHDQYDULDQFH SRUWIROLR VHOHFWLRQ SUREOHP
K V ZLWK KRUL]RQ V LQ WKH PRGLqHG SUREDELOLW\ 3  :H VKRZ WKDW DQ HsFLHQW SRUWIROLR UHPDLQV
HsFLHQW DV WKH LQYHVWPHQW KRUL]RQ LV UHGXFHG DV ORQJ DV LQWHUHVW UDWHV DUH QRQ VWRFKDVWLF
DQG XQGHU UHJXODULW\ FRQGLWLRQV RQ WKH RSWLPDO G\QDPLF 6KDUSH UDWLR
5HFLSURFDOO\ LI RQH LQYHVWV RSWLPDOO\ ZLWK KRUL]RQ V XQGHU WKH PRGLqHG SUREDELOLW\ GLV
K V WULEXWLRQ 3  WKHQ WKH G\QDPLF LQYHVWPHQW VWUDWHJ\ IURP W WR V FDQ EH H[WHQGHG LQWR DQ
HsFLHQW G\QDPLF SRUWIROLR IURP W WR 7 
7KHVH WZR IDFWV SURYH WKDW P\RSLD EHFRPHV RSWLPDO IRU WKH PHDQYDULDQFH SRUWIROLR VH
K V OHFWLRQ SUREOHP RQFH ZH PRGLI\ WKH SUREDELOLW\ GLVWULEXWLRQ IRU PDWXULW\ V IURP 3 WR 3 
WKDW LV LI ZH XVH WKH SURFHVV K DV D FRUUHFWLRQ OHQV
:H DVVXPH WKDW WKHUH H[LVWV D GHIDXOW IUHH ]HUR FRXSRQ ERQG SD\LQJ RQH XQLW RIQXPHUDLUH
I DW PDWXULW\ V ZKLFK KDV D QRQ YDQLVKLQJ SULFH DW WLPH W :H GHQRWH 5 WKH LQYHUVH RI LWV W￿V
SULFH ZKLFK UHSUHVHQWV WKH ULVN IUHH UDWH IURP SHULRG W WR SHULRG V
:H EULQJ WR EHDU WKH DQDO\VLV RI 6HFWLRQ  E\ VHWWLQJ WKH qQDO KRUL]RQ 7 HTXDO WR V DQG
II WKH YDULDEOH K HTXDO WR K  :LWK WKLV QHZ KRUL]RQ WKH ULVN IUHH UDWH 5 EHFRPHV 5  7V W￿V W￿7
I ￿ WKH QRUPDOL]HG YDULDEOH + ZULWHV K  5 D Q GW K HV H W; EHFRPHV ;  WW W ￿ V W￿7 W￿V
   6KDUSH 5 DWL R Z L WK 5 HGXFHG + RUL ]RQ
K V :H GHqQH WKH G\QDPLF 6KDUSH UDWLR 65 ; I U R PS H U L R GW WR KRUL]RQ V RI D SRUWIROLR W￿V
; LQ ; L QDZ D \Z K L F KL VF R Q V L V W H Q WZ L W KR X UG H q Q L W L R QR I6 K D U S HU D W L RI R UD QL Q Y H V W P H Q W W￿V
VWUDWHJ\ ZLWK KRUL]RQ 7 Z HO H W
I K V ( >Z ; @ b 5Z ;  VW GHI ￿ WW ￿ V K V T 65 ;   W￿V K V 9DU >Z ; @ V W
GHI ￿ KK VV ZKHQ 9DU >Z ; @ LV QRQ ]HUR DQG 65 ;    RWKHUZLVH V WW ￿ V
6WDWHPHQW LL RI3URSRVLWLRQ  SURYHV WKDW HYHU\ SRUWIROLR ; LQ ; VDWLVqHV WKH LQHTXDOLW\ W￿V
 I ￿ uv ￿ ( >K @5  WV W￿V I KK V V ( >Z ; @ b 5Z ;  b 9 D U> Z ; @ VW V WW ￿ V W K W
ZKLFK DOVR ZULWHV
I ￿ ( >K @5  WV W￿V K ￿ V 65 ;  b  W￿V K W
7 K HR S W L P D OG \ Q D P L F6 K D U S HU D W L RI U R PS H U L R GW WR KRUL]RQ V LQ WKH PRGLqHG SUREDELOLW\
K V 3 LV Y  X I ￿ X ( >K @5  WV GHI ￿ W￿V K W V 65   b   W￿V K W
DQG ZH KDYH
K ￿ V  6 5  ( >K @ W V W￿V     I ￿ K W 5  W￿V
:H UHPDUN WKDW ZKHQ LQWHUHVW UDWHV DUH GHWHUPLQLVWLF WKH ODZ RI RQH SULFH LPSOLHV WKDW
II I 5   55 DQG (TXDWLRQ  EHFRPHV W￿V W￿7 V￿7
( >+ @ WV K ￿ V   6 5   W￿V + W
6LQFH + LV D VXEPDUWLQJDOH ZLWK qQDO YDOXH +   K Z HR E W D L Q 77
( >+ @ ( >K @ WV W 7 K K ￿￿ V7  6 5       6 5   W￿V W￿7 ++ WW
K K V7 ZKLFK SURYHV WKDW 65  65 DQG \LHOGV WKH IROORZLQJ UHVXOW W￿V W￿7
K V 5H V X O W ,I LQ WHUHVW UDWHV DUH GHWHUP LQ LVWLF WKHQ WKH RSWLP DO G\Q DP LF 6 KDUSH UDWLR 6 5 W￿V
LV LQFUHDVLQJ Z LWK WKH LQYHVWP HQW KRUL]RQ V
   (s FL HQW )URQWL HU Z L WK 5 HGXFHG + RUL ]RQ
:H OHW () EH WKH G\QDPLF HsFLHQW IURQWLHU IURP WLPH W XS WR KRUL]RQ VZ L W KW K HV D P H W￿V
GHqQLWLRQ DV () EXW ZLWK WKH KRUL]RQ 7 EHLQJ UHSODFHG E\ V: H V H H N W R F R P S D U H W K H W￿7
HsFLHQW IURQWLHUV ZLWK GLpHUHQW KRUL]RQV
:H KDYH VHHQ WKDW WKH SRUWIROLRV RQ WKH HsFLHQW IURQWLHU () DUH REWDLQHG DV EX\ DQG W￿7
￿ WW KROG FRPELQDWLRQV RI WKH ERQG DQG WKH / PLQLPXP SRUWIROLR ; : H U H F D O O W K D W ; LV
WKH G\QDPLF SRUWIROLR ZKLFK EHVW UHSOLFDWHV WKH ]HUR SD\Rp DW WLPH 7 IURP WKH LQLWLDO YDOXH
S W Z    K  ,W LV LPSRUWDQW WR QRWLFH WKDW WKH VWUDWHJ\ ; UHPDLQV LGHQWLFDO IURP WLPH W WW
WR SHULRG V DV ZH VKRUWHQ WKH KRUL]RQ IURP 7 WR V :H FKHFN LQGHHG E\ VHWWLQJ ) HTXDO 7
W WR ]HUR LQ 3URSRVLWLRQ  WKDW WKH VWUDWHJ\ ; RQO\ GHSHQGV RQ WKH SURFHVV K DQG GRHV QRW
YDU\ DV ZH FKDQJH WKH KRUL]RQ
7 K HV D P HF D Q Q R WE HV D L GI R UW K HU L V N O H V VV W U D W H J \  ,W LV LQ JHQHUDO RQO\ ULVNOHVV IRU DQ W￿7
KRUL]RQ PDWFKLQJ WKH PDWXULW\ RIWKH ERQG DQG EHDUV VRPH PDUNHW ULVN IRU VKRUWHU KRUL]RQV
%HFDXVH RIWKLV PDWXULW\ PLVPDWFK ULVN ZH FDQQRW ULJRURXVO\ FRPSDUH HsFLHQW IURQWLHUV ZLWK
GLpHUHQW KRUL]RQV LQ WKH PRVW JHQHUDO VLWXDWLRQ ,W PD\ KRZHYHU RIWHQWLPHV EH FRQYHQLHQW
WR FRQVLGHU WKDW WKLV ULVN LV VPDOO DV FRPSDUHG WR WKH ULVN ERUQH E\ RWKHU VHFXULWLHV LQ WKH
LQYHVWPHQW XQLYHUVH :H FKRRVH KHUH WR VHW WKLV GLsFXOW\ DVLGH E\ DVVXPLQJ WKDW LQWHUHVW
UDWHV DUH GHWHUPLQLVWLF VR WKDW ]HUR FRXSRQ ERQGV ZLWK GLpHUHQW PDWXULWLHV DUH HTXLYDOHQW
LQYHVWPHQWV 7KLV FDQ EH DFKLHYHG E\ FKRRVLQJ WKH ]HUR FRXSRQ ERQG ZLWK PDWXULW\ 7 DV
QXPHUDLUH HYHU\ SHULRG WKHUHE\ q[LQJ DOO LQWHUHVW UDWHV WR RQH
8QGHU VRPH UHJXODULW\ FRQGLWLRQV WKH QH[W UHVXOW VKRZV WKDW D SRUWIROLR UHPDLQV RQ WKH
HsFLHQW IURQWLHU DV ZH VKRUWHQ WKH LQYHVWPHQW KRUL]RQ DQG UHFLSURFDOO\ DQ HsFLHQW SRUWIROLR
FRUUHVSRQGLQJ WR D VKRUW KRUL]RQ FDQ EH HPEHGGHG LQ DQ HsFLHQW SRUWIROLR ZLWK D ORQJHU
KRUL]RQ :H UHSRUW RQ WKH HYROXWLRQ RI WKH H[SHFWHG UHWXUQ RI DQ HsFLHQW SRUWIROLR DV ZH
YDU\ WKH LQYHVWPHQW KRUL]RQ
5H V X O W : H D VVX P H WKD W LQ WHUHVW UDWHV DUH G HWHUP LQ LVWLF DQ G Z H FRQ VLG HU D Q LQ YHVWP HQ W
KRUL]RQ V EHWZ HHQ W DQG 7 
K 7 L  ,IWKH RSWL P DO6KDUSH UDWL R 65 VDWL VqHV &RQGL WL RQ  RU WKHQ WKH UHVWUL FWL RQ I URP W￿7
WLP H W WR KRUL]RQ V RID SRUWIRO LR ; RQ WK H Hs FLHQ W IUR Q WLHU () LV RQ WKH Hs FLHQ W W￿7
K 7 IURQ WLHU () 2QW K HV H WI65   J W￿V W￿7
uv u v
II K K V7 ( >Z ; @ b 5Z ;  ( >Z ; @ b 5Z ;    VW W 7 WW ￿ VW W￿7
K 7 2QW K HV H WI65 ! J ZHKDY H W￿7
uv
II K V ( >Z ; @ b 5Z ;  5 VW WW ￿ V V￿ 7
K K ￿ 7 ￿ V uv  65  65  W￿V W￿7 I K 7   ( >Z ; @ b 5Z ;   W 7 W W￿7 KK V 7 ￿ ￿  65  65  W￿V W￿7
Z KLFK LP SOLHV WKD W LI Z ;  GRHV QRW YDQL VK WKHQ WKH UL VN SUHP L D RI SRUWI RO L R ; W
FRUUHVSRQGLQJ WR WKH KRUL]RQV V DQG 7 DUH O L QNHG E\ WKH IRUP XO D
K K ￿ 7 ￿ V uv u v  65  65  W￿V W￿7 II I K K V 7 ( >5 ; @ b 55  ( >5 ; @ b 5 W￿V W￿7 WW ￿ V W V￿7 W￿7 KK V 7 ￿ ￿  65  65  W￿V W￿7
K KK V 7V LL ,I WK H R SWLP DO 6 K DUSH UDWLR 6 5 VDWLVq HV & R Q GLWLR Q  RU  DQ G LI WK H UDWLR 6 5  65 W￿V W￿V W￿7
LV ERXQGHG WKHQ LW LV SRVVLEO H WR H[WHQG WKH LQYHVWP HQW KRUL]RQ RI D SRUWIROLR RQ WKH
Hs FLHQW IURQWLHU () IUR P V WR 7 LQ D Z D \ Z KLFK FUHDWHV D G \Q DP LF SRUWIROLR R Q WKH W￿V
Hs FLHQW IURQWLHU ()  W￿7
7KH IRUPXOD LQ 6WDWHPHQW L GHFRPSRVHV WKH YDULDWLRQ LQ ULVN SUHPLXP GXH WR WKH FKDQJH
RIKRUL]RQ LQWR WZR FRPSRQHQWV $ qUVW DGMXVWPHQW LV WKH PXOWLSOLFDWLRQ E\ WKH ULVN IUHH UDWH
I 5 ZKLFK FRUUHVSRQGV WR WKH WLPH YDOXH RIPRQH\ EHWZHHQ WKH WZR KRUL]RQV $ VHFRQG DQG V￿ 7
PRUH FRPSOH[ HpHFW FRPHV IURP WKH FKDQJH LQ RSWLPDO 6KDUSH UDWLR EHWZHHQ WKH PDWXULWLHV
%\ FKRRVLQJ WKH ]HUR FRXSRQ ERQG ZLWK PDWXULW\ 7 DV QXPHUDLUH HYHU\ SHULRG ZH VHW
HYHU\ ULVN IUHH UDWH WR RQH DQG ZH LVRODWH WKH VHFRQG HpHFW IURP WKH qUVW RQH $FFRUGLQJ WR
5HVXOW  WKH RSWLPDO 6KDUSH UDWLR LQFUHDVHV ZLWK WKH PDWXULW\ DQG ZH FRQFOXGH WKDW WKH
K V DEVROXWH YDOXH RI WKH ULVN SUHPLXP GHULYHG LQ WKH PRGLqHG SUREDELOLW\ 3  GHFUHDVHV DV
ZH VKRUWHQ WKH PDWXULW\
 7L PH $JJUHJDWL RQ RI 6KDUSH 5DWL RVDQG 2 SWL PDO 0 \RSL D
7KH SUHYLRXV VHFWLRQ KDV VWXGLHG WKH HpHFW RI D FKDQJH RI KRUL]RQ RQ WKH G\QDPLF PHDQ
YDULDQFH LQYHVWPHQW SUREOHPV ,Q WKH VSHFLDO FDVH ZKHUH WKH KRUL]RQ LV WKH QH[W WUDGLQJ
SHULRG ZH VKRZ LQ 6HFWLRQ  WKDW RXU UHVXOWV DUH FRQVLVWHQW ZLWK WKH VWDQGDUG RQH SHULRG
PHDQYDULDQFH DQDO\VLV RQFH ZH ZRUN LQ WKH PRGLqHG SUREDELOLW\ GLVWULEXWLRQ GHVFULEHG
DERYH 6HFWLRQ  SURYLGHV WLPH DJJUHJDWLRQ UHVXOWV IRU 6KDUSH UDWLRV DQG VKRZV LQ SDUWLFX
ODU WKDW D ORQJ WHUP RSWLPDO G\QDPLF 6KDUSH UDWLR LV D IXQFWLRQ RI LQWHUPHGLDWH RQH SHULRG
RSWLPDO 6KDUSH UDWLRV 7KHVH DJJUHJDWLRQ UHVXOWV UHTXLUH DJDLQ WR ZRUN ZLWK WKH FRUUHFWLRQ
OHQV K 
:H KDYH VHHQ WKDW WKH VROXWLRQV WR WKH G\QDPLF PHDQYDULDQFH LQYHVWPHQW SUREOHPV
EHFRPH P\RSLF LQ WKH PRGLqHG SUREDELOLW\ GLVWULEXWLRQV ,Q WKH VSHFLDO VLWXDWLRQ ZKHUH
WKH SURSRVHG PRGLqFDWLRQV OHDYH WKH RULJLQDO SUREDELOLW\ GLVWULEXWLRQ XQFKDQJHG WKDW LV
ZKHQ K LV GHWHUPLQLVWLF DQG WKH FRUUHFWLRQ OHQV LV QHXWUDO P\RSLD LV RSWLPDO 6HFWLRQ 
LQYHVWLJDWHV VXFK VLWXDWLRQV 7KLV KDSSHQV LQ SDUWLFXODU IRU D FDUHIXOO\ VHOHFWHG FKRLFH RI
QXPHUDLUH ZKLFK LV DQRWKHU ZD\ WR LQWHUSUHW WKH SURSRVHG FKDQJH RI SUREDELOLW\
 2 QH 3 HULRG & DVH
:H FKHFN WKDW RXU UHVXOWV FRLQFLGH ZLWK WKH VWDQGDUG VWDWLF PHDQYDULDQFH DQDO\VLV RI
0HUWRQ  LQ WKH VSHFLDO FDVH ZKHUH V   W DV ORQJ DV ZH WUDQVIRUP WKH SUREDELOLW\
K W￿￿ GLVWULEXWLRQ IURP 3 WR 3  7KH QH[W OHPPD VKRZV LQ SDUWLFXODU WKDW WKH RQH SHULRG
K W￿￿ RSWLPDO 6KDUSH UDWLR 65 WDNHV WKH XVXDO IRUP RID TXDGUDWLF IXQFWLRQ RIWKH ULVN SUHPLD W￿W￿￿
ZKHUH WKH TXDGUDWLF IRUP FRUUHVSRQGV WR WKH LQYHUVH RI WKH YDULDQFH FRYDULDQFH PDWUL[ RI
K W￿￿ WKH ULVN\ VHFXULWLHV FRPSXWHG LQ WKH PRGLqHG SUREDELOLW\ GLVWULEXWLRQ 3 
:H DVVXPH LQ WKLV VHFWLRQ WKDW VHFXULW\ SULFHV DW WLPH W GR QRW YDQLVK D VWURQJHU UH
TXLUHPHQW WKDQ $VVXPSWLRQ  ZKLFK DOORZV XV WR GHqQH WKH YHFWRU 5 RI UHWXUQV RI WKH W￿W￿￿
ULVN\ VHFXULWLHV IURP SHULRG W WR SHULRG W    , I W  7  WKH GHIDXOW IUHH ERQG ZLWK
PDWXULW\ 7 EHDUV VRPH PDUNHW ULVN IURP W WR W   GXH WR SRWHQWLDO DGYHUVH LQWHUHVW UDWH
PRYHPHQWV :H FRQVLGHU WKHUHIRUH DV ULVN\ IURP SHULRG W WR SHULRG W   HYHU\ VHFXULW\
H[FHSW WKH ]HUR FRXSRQ ERQG PDWXULQJ DW W  :H DVVXPH WKDW WKH ULVNOHVV ]HUR FRXSRQ
I QQ ERQG PDWXULQJ LQ W  L VW K HQ WK VHFXULW\ VR WKDW 5    S DQG    W W￿￿ W￿W￿￿
GHI ￿ LL L Q b￿ )RU ULVN\ VHFXULW\ L ZH OHW 5    S DQG 5 LV D UDQGRP YHFWRU LQ 5 , :H W￿W￿￿ W￿W￿￿ W￿￿ W
K W￿￿ OHW 9DU >5 @ EH WKH YDULDQFH FRYDULDQFH PDWUL[ RIWKH ULVN\ VHFXULWLHV FRPSXWHG LQ WKH W￿W￿￿ W
K W￿￿ SUREDELOLW\ 3 DQG FRQGLWLRQHG RQ WKH LQIRUPDWLRQ DYDLODEOH DW WLPH W 6OLJKWO\ DEXVLQJ
K I W￿￿ Q b￿ WKH QRWDWLRQ ZH GHQRWH ( >5 @ b 5  WKH YHFWRU LQ 5 , ZKRVH LWK FRPSRQHQW W￿W￿￿ W W￿W￿￿ KL
K I W￿￿ L LV WKH ULVN SUHPLXP (5b 5 R IV H F X U L W \L W W￿W￿￿ W￿W￿￿
/ H PPD 7KH RSWL P DOVWDWL F 6KDUSH UDWL R I URP W WR W  LQ WKH P RGLq HG SURED ELOLW\
K W￿￿ 3 LV JLYHQ E\
uv uv ￿ KK K K II ￿ W￿￿ W￿￿ W￿￿ W￿￿ ￿ 65  ( >5 @ b 5 9DU >5 @ ( >5 @ b 5 W￿W￿￿ W￿W￿￿ W￿W￿￿ WW W W￿W￿￿ W￿W￿￿ W￿W￿￿
￿ W )RU HYHU\ SHULRGV W DQG V ZL W K   W  V  7 b W KH/ PL Q L PX P S R U W I R O L R; LQ YHVWV
W LWV YDOX H Z DWWLP H V LQ WKH Q b  ULVN\ VHFXULWLHV DFFRUGLQJ WR WKH YDOXH YHFWRU V
I uv 5 V￿V￿￿ I ￿ WK K V￿￿ V￿￿ b Z 9DU >5 @ ( >5 @ b 5 V￿V￿￿ V￿V￿￿ VV V V￿V￿￿ K V￿￿ ￿  65  V￿V￿￿
W DQG L WV YDO XH Z LQ WKH IROORZ LQ J WUDGLQ J SHULRG V  VDWLVqHV V￿￿
uv uv ￿ KK I ￿ V￿￿ V￿￿ K V￿￿ W  ( >5 @ b 5 9DU >5 @ ( >5 @ b 5 VV V￿ V￿￿ V￿V￿￿ V￿V￿￿ V￿V￿￿ Z V V￿V￿￿ V￿￿ W   Z  V IK V￿￿ ￿ 5  65  V￿V￿￿ V￿V￿￿
$V QRWHG LQ 6HFWLRQ  WKH ODVW HTXDWLRQ RI /HPPD  VKRZV WKDW RQH FDQQRW KRSH
￿ W LQ JHQHUDO WR REWDLQ D SRVLWLYH YDOXH SURFHVV IRU WKH / PLQLPXP SRUWIROLR ; XQOHVV WKH
UHWXUQV RI WKH VHFXULWLHV DUH ERXQGHG
7KH qUVW HTXDWLRQ SURYHV WKDW WKH RQH SHULRG RSWLPDO 6KDUSH UDWLR FRLQFLGHV ZLWK WKH
XVXDO UHVXOW RI WKH VWDWLF PHDQYDULDQFH DQDO\VLV DV H[SRVHG IRU LQVWDQFH LQ +XDQJ DQG
K W￿￿ /LW]HQEHUJHU  RQFH ZH PRGLI\ WKH SUREDELOLW\ IURP 3 WR 3 
$FFRUGLQJ WR 5HVXOW  DQ HsFLHQW G\QDPLF SRUWIROLR RQ () UHPDLQV PHDQYDULDQFH W￿7
K W￿￿ RSWLPDO IURP W WR SHULRG V   W   IRU WKH SUREDELOLW\ 3  DV ORQJ DV LQWHUHVW UDWHV
K 7 DUH GHWHUPLQLVWLF DQG 65 VDWLVqHV &RQGLWLRQ  RU  :H FKHFN WKDW ZKHQ WKLV KDSSHQV W￿7
WKH FRPSRVLWLRQ RI DQ HsFLHQW SRUWIROLR DW WLPH W LV LQGHHG FRQVLVWHQW ZLWK WKH VWDQGDUG
K W￿￿ RQH SHULRG PHDQYDULDQFH WKHRU\ LQ WKH PRGLqHG SUREDELOLW\ GLVWULEXWLRQ 3 RQ WKH VHW
K 7 I65 ! J W￿7
/HW WKHUHIRUH ; EH DQ HsFLHQW SRUWIROLR RQ () ZLWK QRQ YDQLVKLQJ YDOXH Z ; D W W￿7 W
WLPH W $FFRUGLQJ WR 3URSRVLWLRQ  DQG /HPPD  WKLV HsFLHQW SRUWIROLR KDV D YDOXH SURFHVV
LGHQWLFDO WR D SRUWIROLR ZKLFK LQYHVWV D IUDFWLRQ p RI LWV LQLWLDO ZHDOWK LQ WKH G\QDPLF W
W SRUWIROLR ; Z L W K
uv r( >K @ WW 7 I K 7 S p    b ( >5 ; @ b 5 S S WW ￿ 7 W W￿7 K 7 ￿ KZ;  K+ 65  WW WWW￿7
K ￿ 7 uv  6 5  W￿7 I K 7   b ( >5 ; @ b 5 W￿7 W W￿7 I K 7 ￿ 5 65  W￿7 W￿7
ZKLOH WKH UHPDLQLQJ YDOXH LV LQYHVWHG LQ WKH GHIDXOW IUHH ]HUR FRXSRQ ERQG ZLWK PDWXULW\
7  ,I LQWHUHVW UDWHV DUH GHWHUPLQLVWLF WKLV ODVW LQYHVWPHQW LV HTXLYDOHQW WR WKH ]HUR FRXSRQ
W ERQG ZLWK PDWXULW\ W   DQG ZH OHDUQ IURP /HPPD  WKDW SRUWIROLR ; LQYHVWV LWVHOI D
IUDFWLRQ RI LWV YDOXH DW WLPH W LQ HDFK ULVN\ VHFXULW\ DFFRUGLQJ WR WKH YHFWRU
I uv 5 W￿W￿￿ KK I ￿ W￿￿ W￿￿ b 9DU >5 @ ( >5 @ b 5 W￿W￿￿ W￿W￿￿ WWW￿W￿￿ K W￿￿ ￿  6 5  W￿W￿￿
&RPELQLQJ WKHVH WZR UHVXOWV ZH FRQFOXGH WKDW SRUWIROLR ; FDQ EH LGHQWLqHG ZLWK D VWUDWHJ\
ZKLFK LQYHVWV DW WLPH W D IUDFWLRQ RI LWV YDOXH LQ HDFK ULVN\ VHFXULW\ DFFRUGLQJ WR WKH YHFWRU
I uv 5 W￿W￿￿ KK I ￿ W￿￿ W￿￿ b p 9DU >5 @ ( >5 @ b 5 WW ￿ W ￿￿ W￿W￿￿ WWW￿W￿￿ K W￿￿ ￿  6 5  W￿W￿￿
II I 6LQFH 5   55 DQG VLQFH DFFRUGLQJ WR 5HVXOW  W￿W￿￿ W￿7 W￿￿ ￿7
K K W￿￿ ￿ 7 ￿ uv u v  6 5  65  KW ￿ W ￿￿ W￿7 II I K W￿￿ 7 ( >5 ; @ b 55  ( >5 ; @ b 5 W￿W￿￿ W￿7 W W W￿W￿￿ W￿￿ ￿7 W￿7 KK W￿￿ 7 ￿ ￿ 65   6 5  W￿7 W￿W￿￿
WKH YHFWRU RI SHUFHQWDJH YDOXH DOORFDWLRQ LQ WKH ULVN\ VHFXULWLHV ZULWHV DOVR
uv
K I W￿￿ uv ( >5 ; @ b 5 W￿W￿￿ W W￿W￿￿ KK I ￿ W￿￿ W￿￿ 9DU >5 @ ( >5 @ b 5 W￿W￿￿ W￿W￿￿ WWW￿W￿￿ K W￿￿ ￿ 65  W￿W￿￿
￿ ZKLFK LV SUHFLVHO\ WKH VWDQGDUG RQH SHULRG UHVXOW DOEHLW GHULYHG LQ WKH PRGLqHG SUREDELOLW\
K W￿￿ GLVWULEXWLRQ 3 
￿6HH +XDQJ DQG /L W]HQEHUJHU(TXDWL RQ S     
  7 L P H $ JJUHJDWL RQ RI6KDUSH 5 DWL RV
/ R Q JW H U PG \ Q D P L FR S W L P D O6 K D U S HU D W L R VF D QE HH [ S U H V V H GD VDI X Q F W L R QR IR Q HS H U L R G
VWDWLF 6KDUSH UDWLRV HYDOXDWHG LQ WKH PRGLqHG SUREDELOLW\ GLVWULEXWLRQV :H HPSKDVL]H DJDLQ
WKDW WKH IROORZLQJ UHVXOWV ZRXOG QRW REWDLQ ZLWK D GHqQLWLRQ RI UHWXUQV GLpHUHQW IURP RXU
FKRLFH RI QRQ DQQXDOL]HG JURVV UHWXUQV
3 URSRVL WL RQ  /HWV DQG W EH WZR WUDGLQJ SHULRGV VXFK WKDW W V 7 
L 
I Vb￿ ￿ < 5  X￿ X￿￿  K   (K  WW V K X ￿￿ ￿  65  X   W X￿ X￿￿
DQG 
I I Vb￿ ￿ ￿ < 5  5  W￿V X ￿X ￿￿ K V    ( W KK V X ￿￿ ￿ ￿  65   65  W￿V X   W X￿ X￿￿
LL ,Q SDUWLFX OD U LI K    7

I I ￿ 7 b￿ ￿ < 5  5  W￿7 X ￿X ￿￿  K    ( WW K ￿ X ￿￿ ￿  65  W￿7  65  X   W X￿ X￿￿
  
I I ￿ Vb￿￿ < 5  5  X￿ X￿￿ V￿7 # $    ( W K ￿ X ￿￿ ￿  65  V￿ 7  65  X   W X￿ X￿￿
LLL ,I K  DQG L IL QW HUHVWUDW HV DUH GHW HUP L QL VW L FDV L WL V W KH FDVH I RU L QVW DQFH ZKHQ 7
W K HQ X PH U D L U HL VW K H] H U RF R X S R QE R Q GZ L W KPD W X U L W \7 
  
Vb￿ <   # $    ( W K ￿￿ X ￿￿ ￿  65    65  W￿7 V￿7  65  X   W X￿ X￿￿

7 b￿ <     ( W K X ￿￿ ￿  65  X   W X￿ X￿￿
  2 SWL P DO0 \RSL D
K V :KHQ K LV GHWHUPLQLVWLF WKH SUREDELOLW\ GLVWULEXWLRQV 3 DQG 3 FRLQFLGH DQG ZH GHQRWH V
K V 6 5  6 5 W K HR S W L P D OG \ Q D P L F6 K D U S HU D W L RI U R PW L P HW WR SHULRG V LQ WKH RULJLQDO W￿V W￿V
SUREDEOLW\ GLVWULEXWLRQ 3 Z L W K W V 7  ,Q WKH RQH SHULRG FDVH ZKHUH V   W   
ZH OHDUQ IURP /HPPD  WKDW
uv uv ￿ II ￿ ￿ 65    ( >5 @ b 5 9DU >5 @ ( >5 @ b 5 W￿W￿￿ WW ￿ W ￿￿ WW ￿ W ￿￿ WW ￿ W ￿￿ W￿W￿￿ W￿W￿￿
5H V X O W 0 \RSLD LV RSWLP DOIRU WKH G\QDP LF P HDQYDULDQFH LQYHVWP HQW SUREO HP V DV VRRQ
DV K LV GHWHUP L QL VWLF 7 KLV KDSSHQV LQ SDUWL FXO DU ZKHQ K  DQG WKH UDWL R 7
￿  65  W￿W￿￿
I ￿ 5  W￿W￿￿
LV G HWHUP LQ LVWLF IRU HYHU\ SHULRG W IURP  WR 7 b  2 S WLP D O P \RS LD R EWDLQ V IRU LQ VWD Q FH
ZKHQK  DQG ERWK WKH RQH SHUL RG 6KDUSH UDWL R 65 DQG WKH RQH SHUL RG UL VN I UHH UHWXUQ W￿W￿￿ 7
I 5 DUH GHWHUP LQLVWLF HYHU\ SHULRGDQG ZH WKHQ KDYH IRU   W V 7  W￿W￿￿
Vb￿ uv <
￿￿  65     65   W￿V X ￿X ￿￿
X   W
:H UHPDUN WKDW LI ZH FKRRVH WKH GHIDXOW IUHH ]HUR FRXSRQ ERQG ZLWK PDWXULW\ 7 DV
I QXPHUDLUH WKHQ WKH ODZ RI RQH SULFH LPSOLHV WKDW 5  D Q GP \ R S L DL VR S W L P D OD VV R R Q W￿W￿￿
DV WKH RSWLPDO RQH SHULRG 6KDUSH UDWLRV LQ WKLV QXPHUDLUH DUH GHWHUPLQLVWLF HYHU\ SHULRG
:H FRQFOXGH WKLV VHFWLRQ E\ VKRZLQJ WKDW FRUUHFWLQJ WKH SUREDELOLW\ GLVWULEXWLRQV ZLWK
WKH KHOS RI K FDQ DOVR EH XQGHUVWRRG DV D FKDQJH RI QXPHUDLUH LQ ZKLFK P\RSLD EHFRPHV
RSWLPDO
5H V X O W 0 \RSLD LV RSWLP DOIRU WKH G\QDP LF P HDQYDULDQFH LQYHVWP HQWSUREO HP V LIZH ZRUN
S
LQ WKH QXP HUDLUH ZKRVH YDO XH DWWLP H W LQ WKH RULJLQDOQXP HUDLUH LV  K IRU HYHU\ SHULRG W
W EHWZ HHQ  DQG 7 
s ￿ :H UHFDOO IURP 6HFWLRQ  DQG /HPPD  WKDW WKH SURFHVV K ZULWHV K   sKLQ D QHZ
s ￿ QXPHUDLUH s DV ORQJ DV ZH QRUPDOL]H K DV sK DQG WKDW WKLV QRUPDOL]DWLRQ OHDYHV WKH 7 77 S
s VHW ; XQFKDQJHG ,I ZH OHW LQ SDUWLFXODU s    K  WKHQ K   ZKLFK LV REYLRXVO\ QRQ W￿7
VWRFKDVWLF ,Q WKLV QXPHUDLUH ZH NQRZ IURP 5HVXOW  WKDW WKH PHDQYDULDQFH LQYHVWPHQW
s SUREOHPV KDYH P\RSLF VROXWLRQV DQG WKH QRUPDOL]DWLRQ RI K LPSOLHV WKDW WKH VROXWLRQV WR 7
WKH PHDQYDULDQFH LQYHVWPHQW SUREOHPV GR QRW GHSHQG RQ WKH QXPHUDLUH ￿
 $ 1XPHUL FDO ([DPSOH
:H VKRZ WKURXJK DQ H[DPSOH WKDW HYHQ ZKHQ P\RSLD LV RSWLPDO HsFLHQW SRUWIROLRV PXVW
IROORZ WKH WLPH FRQVLVWHQF\ UXOHV GHVFULEHG LQ 5HVXOW  :H HYDOXDWH WKH ORVV LQ HsFLHQF\
FRUUHVSRQGLQJ WR WKH VLPSOH DQG LQHsFLHQW UHEDODQFLQJ UXOH ZKLFK FRQVLVWV LQ VHWWLQJ D
FRQVWDQW RQH SHULRG H[SHFWHG UHWXUQ WDUJHW WKURXJKRXW WKH VWUDWHJ\
:H FRQVLGHU D VLPSOH GLVFUHWH WLPH PRGHO ZLWK WZR WUDGHG DVVHWV RQH ULVN IUHH DQG
RQH ULVN\ ZLWK QR GLYLGHQG 7KHLU SULFH SURFHVVHV DUH GHULYHG E\ VDPSOLQJ DW FRQVWDQW WLPH
LQWHUYDO dW WZR ORJQRUPDO GLpXVLRQV UHVSHFWLYHO\ ZLWK GULIW SDUDPHWHU U DQG ]HUR YRODWLOLW\
D Q GZ L W KG U L I WS D U D P H W H U{ DQG YRODWLOLW\  : Hq [ K  D WK R U L ] R Q7  7KH UHWXUQ 5 7W ￿ W ￿￿
RI WKH ULVN\ VHFXULW\ VDWLqHV
{ d W ( >5 @ H WW ￿ W ￿￿
KL
￿ ￿￿ ￿ { ￿ ￿ ￿d W (5   H W W￿W￿￿
uv
￿ ￿{ d W￿ d W 9DU >5 @ HH b   WW ￿ W ￿￿
DQG WKH RQH SHULRG 6KDUSH UDWLR LV D FRQVWDQW ZKLFK ZH GHQRWH 65 DQG ZKLFK VDWLVqHV d W
uv ￿ b￿{ bU￿d W  b H
￿￿ cd 65  65    ￿ d WW ￿ W ￿￿ ￿ d W H b 
6 L Q F HE R W KW K HL Q W H U H V WU D W HD Q GW K HR Q HS H U L R G6 K D U S HU D W L RD U HG H W H U P L Q L V W L F Z HO H D U Q
IURP 5HVXOW  WKDW K LV RQO\ WLPH GHSHQGHQW DQG P\RSLD LV RSWLPDO )URP 6WDWHPHQWV LL
DQG LLL RI 3URSRVLWLRQ  ZH FRPSXWH
￿U￿7 bW￿￿ b￿7 bW￿ d W K   H   65   W d W
￿￿ ￿ 7 bW￿ d W 6 5     6 5 b  W￿7 d W
/HW XV QRZ FRQVLGHU WKH QDLYH G\QDPLF VWUDWHJ\ ; P Z K L F KV W D U W VD WW L P HW ZLWK D
SRVLWLYH ZHDOWK VD\ RQH DQG ZKLFK UHEDODQFHV LWV SRVLWLRQV IURP WLPH WX SWRK R U L ]R Q
P d W 7 VR DV WR PDLQWDLQ D FRQVWDQW H[SHFWHG UHWXUQ HYHU\ SHULRG ZKLFK ZH GHQRWH H IRU
D JLYHQ FRQVWDQW P : H O H W  P  EH WKH SHUFHQWDJH RI YDOXH LQYHVWHG HYHU\ SHULRG LQ WKH
ULVN\ VHFXULW\ ZLWK WKH UHPDLQGHU LQYHVWHG LQ WKH ULVNOHVV DVVHW 7KH SRUWIROLR ZHLJKW  P 
LV VROXWLRQ WR
KL
Ud WP d W ( P 5  b  P H   H WW ￿ W ￿￿
WKDW LV uv
￿P bU￿d W H b 
cd  P    ￿{ bU￿d W H b 
$OWKRXJK DW HDFK SHULRG WDNHQ LQGLYLGXDOO\ WKH SRUWIROLR FDQ EH HPEHGGHG LQWR D ORQJ WHUP
HsFLHQW G\QDPLF VWUDWHJ\ SRUWIROLR ; P  GRHV QRW FRPSO\ ZLWK WKH WLPH FRQVLVWHQW UXOHV
RI 5HVXOW 
6LQFH WKH RQH SHULRG UHWXUQV RI WKLV VWUDWHJ\ DUH LLG ZH REWDLQ
P ￿7 bW￿ ( >5 ; P @   H WW ￿ 7
uu v v ￿7 bW￿ d W ￿ ￿P d W ￿￿ { d W￿ d W ￿P ￿7 bW￿ 9DU >5 ; P @   H   P  HH b  b H WW ￿ 7
DQG WKHUHIRUH
uv ￿ U￿7 bW￿ ( >5 ; P @ b H WW ￿ 7 ￿ 65 ; P     W￿7 9DU >5 ; P @ WW ￿ 7
uv ￿ b￿P bU￿￿7 bW￿  b H
   wx ￿7 bW￿ d W ￿ c ￿P c U￿d W ￿bH   b  ￿ 65d W
,Q WKH VSHFLDO FDVH ZKHUH P   { W K HZ H L J K W {  LV HTXDO WR RQH WKH VWUDWHJ\ ; { E X \ V
D Q GK R O G VW K HU L V N \D V V H WI U R PW L P HW XS WR KRUL]RQ 7 DQG ZH FKHFN WKDW
uv ￿ b￿{ bU￿￿7 bW￿  b H
￿ cd 65 ; {     W￿7 ￿ ￿ ￿7 bW￿ H b 
6RPH HOHPHQWDU\ DOJHEUD SURYHV WKDW WKH LQHTXDOLW\
￿￿ 65 ; P   65  W￿7 W￿7
"" KROGV IRU HYHU\ YDOXH RI P DQG WKDW LW EHFRPHV DQ HTXDOLW\ IRU P   P ZLWK P JLYHQ E\
" b￿P bU￿d W ￿ H  6 5  d W
:H qUVW UHPDUN WKDW VLQFH ; P  LV D VWUDWHJ\ LQ ; IRU HYHU\ FKRLFH RI WKH FRQVWDQW P  W￿7
,QHTXDOLW\  LV FRQVLVWHQW ZLWK WKH GHqQLWLRQ RI 65 DV RSWLPDO G\QDPLF 6KDUSH UDWLR W￿7
:H DOVR OHDUQ IURP 3URSRVLWLRQ  DQG 5HVXOW  WKDW H[FHSW IRU WKH FDVH ZKHUH ; P L V
W LGHQWLFDO WR ;  WKH VWUDWHJ\ ; P  LV QRW HsFLHQW EHFDXVH LW GRHV QRW FRUUHVSRQG WR D EX\
￿ DQG KROG FRPELQDWLRQ IURP W WR 7 R IW K HU L V NI U H HE R Q GD Q GD QL Q Y H V W P H Q WL QW K H/ PLQLPXQ
W SRUWIROLR ;  2XU WKHRU\ VXJJHVWV WKHUHIRUH WKDW ,QHTXDOLW\  EHFRPHV DQ HTXDOLW\ RQO\
W " ZKHQ ; P  ;  DQG ZH VKRXOG FKHFN WKDW LQGHHG WKLV KDSSHQV IRU P   P 
W 7KH VWUDWHJ\ ; L VG H V F U L E H GL Q/ H P P D   , QR X UV L P S O HV W D W L R Q D U \H [ D P S O H L WN H H S V
" HYHU\ SHULRG D FRQVWDQW SHUFHQWDJH RI YDOXH  LQYHVWHG LQ WKH ULVN\ VHFXULW\ ZLWK
uv
Ud W{ d WU d W ￿ HH b H 65d W " uv uv    b   b  cd c d ￿ ￿￿ ￿{ d W￿ d W ￿{ bU￿d W H 6 5 H b   6 5 H b  d W d W
"" " W 6LQFH     P  ZH LQGHHG REWDLQ ; P  ; 
￿ W 7KH / PLQLPXQ SRUWIROLR ; LV KRZHYHU QRW D JRRG LQYHVWPHQW FKRLFH VLQFH ERWK LWV ULVN
SUHPLXP DQG LWV 6KDUSH UDWLR DUH QHJDWLYH :H ZLVK QRZ WR LQYHVWLJDWH WKH PDJQLWXGH RI
WKH ORVV RIHsFLHQF\ FRUUHVSRQGLQJ WR UHDVRQDEOH FKRLFHV RIP WKURXJK D QXPHULFDO H[DPSOH
:H OHW {   U      DQG ZH FKRRVH WR UHEDODQFH HYHU\ ZHHN 7KH UHVXOWV
GR QRW GHSHQG PXFK RQ WKH WUDGLQJ IUHTXHQF\ dW EXW WKH LQYHVWPHQW VSDQ 7 b WS O D \ V
" D FUXFLDO UROH )RU WKHVH SDUDPHWHUV P    DQG ZH VWXG\ YDOXHV RI P UDQJLQJ IURP
 WR  7DEOH , UHSRUWV WKH 6KDUSH UDWLR 65 ; P  RI WKH VWUDWHJ\ ; P I R UW K U H H W￿7
YDOXHV RI 7 b W UDQJLQJ IURP RQH WR IRXU \HDUV
7$%/( ,
'\QDPL F 6KDUSH 5DWL RV
7 b W  \HDU  \HDUV  \HDUV
65    W￿7
65 ;     W￿7
65 ;     W￿7
65 ;     W￿7
65 ;     W￿7
7KH ORVV LQ HsFLHQF\ LQFUHDVHV VKDUSO\ ERWK ZLWK WKH OHYHO RI WKH DQQXDOL]HG H[SHFWHG
UHWXUQ P DQG ZLWK WKH OHQJWK RI WKH LQYHVWPHQW VSDQ )RU D WZR \HDU LQYHVWPHQW KRUL]RQ
DQG P HTXDO WR  WKH VWDQGDUG GHYLDWLRQ RI WKH UHWXUQ RI WKH VWUDWHJ\ ; P L VD E R X W
WZLFH DV ODUJH DV WKH RQH RI LWV HsFLHQW FRXQWHUSDUW ZLWK WKH VDPH H[SHFWHG UHWXUQ ,W
EHFRPHV DOPRVW qYH WLPHV ELJJHU IRU D IRXU \HDU KRUL]RQ
 &RQFOXGL QJ 5HPDUNV
7KH FKRLFH RI qQDO ZHLJKW K PD\ VHHP DUELWUDU\ ,W FDQ VLPSO\ EH VHW WR RQH IRU WKH 7
PHDQYDULDQFH LQYHVWPHQW SUREOHPV ZLWK KRUL]RQ 7  SURYLGHG WKDW VHFXULW\ SULFHV DW WLPH
7 KDYH qQLWH YDULDQFH 2QH PD\ RWKHUZLVH VHOHFW K VR DV WR UHJXODUL]H WKHVH SULFHV LQ 7
S ￿ / 3 K  DQG LW PD\ VHHP QDWXUDO WR SLFN WKH ODUJHVW RI VXFK ZHLJKWV ZKLFK UHPDLQ 7
VPDOOHU WKDQ RQH LQ HYHU\ VWDWH RI WKH ZRUOG
2 X UD Q D O \ V L VV X J J H V W VK R Z H Y H UW K D WK FRXOG LWVHOIEH GHULYHG E\ EDFNZDUG LQGXFWLRQ IURP 7
DQ KRUL]RQ ODUJHU WKDQ 7 W K U R X J K( T X D W L R Q : HK D Y HV H H QW K D WW K HU H V X O W L Q JZ H L J K WV D W L V 
qHV WKH GHVLUHG UHJXODUL]DWLRQ SURSHUW\ DW WLPH 7 DQG WKDW LW OHDGV WR LQYHVWPHQW VWUDWHJLHV
ZKLFK DUH PHDQYDULDQFH RSWLPDO IRU WKH ORQJHU WHUP :H KDYH RI FRXUVH PHUHO\ SXVKHG RXU
SUREOHP LQ WLPH VLQFH ZH VWLOO QHHG WR SLFN DQ DSSURSULDWH ZHLJKW IRU WKH ORQJHU KRUL]RQ
7KH VWUXFWXUH RI WKLV FRQXQGUXP VXJJHVWV WKDW RQH VKRXOG ORRN IRU D VROXWLRQ LQ WKH IRUP
RI DQ LQqQLWH UHJUHVV 7KLV ZRXOG DYRLG KDYLQJ WR SLFN D qQDO SHULRG DQG LWV FRUUHVSRQGLQJ
ZHLJKW DQG WKLV ZRXOG KRSHIXOO\ OHDG WR PHDQYDULDQFH LQYHVWPHQW VWUDWHJLHV ZKLFK DUH
RSWLPDO IRU DQ LQqQLWH KRUL]RQ
7KLV UHPDUN LV REYLRXVO\ YDOLG IRU WKH VHOHFWLRQ RI DQ HsFLHQW SRUWIROLR ZKHQ LQYHVWRUV GR
QRW NQRZ KRZ WR VHOHFW D PDWXULW\ ,W LV HTXDOO\ UHOHYDQW IRU WKH UHSOLFDWLRQ RI D FRQWLQJHQW
FODLP $OWKRXJK LW LV QDWXUDO WR FKRRVH WKH PDWXULW\ RI WKH qQDQFLDO FODLP DV LQYHVWPHQW
KRUL]RQ RXU DQDO\VLV GRHV QRW SUHFOXGH WKH SRVVLELOLW\ WR PDQDJH D UHSOLFDWLQJ SRUWIROLR
ORQJ DIWHU WKH PDWXULW\ RI WKH WDUJHWHG LQVWUXPHQW 7KH SD\Rp LV WKHQ IRUPDOO\ GHULYHG E\
LQYHVWLQJ WKH SURFHHGV RI WKH LQVWUXPHQW LQ WKH ULVNOHVV VHFXULW\ XS WR WKH FKRVHQ KRUL]RQ
6HOHFWLQJ DQ LQYHVWPHQW KRUL]RQ GLpHUHQW IURP WKH QDWXUDO PDWXULW\ RI D FRQWLQJHQW FODLP LV
HVSHFLDOO\ FRQYHQLHQW IRU D qQDQFLDO LQVWLWXWLRQ ZKLFK PDQDJHV D ERRN RI LQVWUXPHQWV ZLWK
GLpHUHQW PDWXULWLHV
)RU WKH WZR PHDQYDULDQFH LQYHVWPHQW SUREOHPV ZKLFK ZH VWXG\ LW ZRXOG EH LQWHUHVWLQJ
WR VWXG\ WKH EHKDYLRU RI K IRU YHU\ ORQJ KRUL]RQV 2XU DQDO\VLV VXJJHVWV WKDW WKH PDJQLWXGH
RI WKH XQGHUSHUIRUPDQFH RI D P\RSLF LQYHVWPHQW VWUDWHJ\ LV OLQNHG WR WKH YDULDELOLW\ RI K
DFURVV VWDWHV RI WKH ZRUOG DQG LW ZRXOG EH RI JUHDW SUDFWLFDO LQWHUHVW WR FKHFN HPSLULFDOO\
WR ZKLFK H[WHQW P\RSLD OHDGV WR VXERSWLPDO LQYHVWPHQW GHFLVLRQV
$SSHQGL [ WR 6HFWL RQ 
￿￿ ￿￿ 3URRIRI/HP P D 6WDWHPHQW L UHVXOWV IURP WKH IDFW WKDW ( >+ =[ b =1 1[ @  W
￿￿ ￿ DQG +! )URP 3URSHUW\ E ZH REWDLQ WKDW p[  p1 1[  IURP ZKLFK LW UHVXOWV WKDW
￿ p   11 p 
￿ ￿ )RU WKH VHFRQG SDUW RI6WDWHPHQW LL ZH QRWLFH WKDW RQ HYHU\ VWDWH  IRU ZKLFK p1 p 
￿￿  ZH KDYH 1p   DQG WKHUHIRUH p   11 p  :H FRQFOXGH ZLWK 3URSHUW\ D WKDW
￿ ￿ p1 pLV 3 DOPRVW VXUHO\ SRVLWLYH DQG K LV ZHOO GHqQHG 3 DOPRVW VXUHO\ SRVLWLYH DQG
PHDVXUDEOH ZLWK UHVSHFW WR i
" )RU DQ\ UDQGRP YDULDEOH Z PHDVXUDEOH ZLWK UHVSHFW WR i ZH FKHFN WKDW [ Z L VDZ H O O
Q ￿ " GHqQHG UDQGRP YHFWRU LQ 5 ,  PHDVXUDEOH ZLWK UHVSHFW WR i DQG VXFK WKDW p[Z  Z 
"" " :H VKDOO XVH WKH FRPSDFW QRWDWLRQ [ LQVWHDG RI [ Z  :H qUVW VKRZ WKDW [ VDWLVqHV
,QHTXDOLW\  ZLWK DQ HTXDOLW\
KL K L cd ￿ ￿￿ ￿ "" " " ￿ (+) b =[  * Mi  [1 [b [( >+)=Mi@  (+ )Mi ( >* Mi@ 
:H DQDO\VH WKH qUVW WZR WHUPV LQ WKH ULJKW KDQG VLGH RI WKLV HTXDWLRQ :H QRWLFH WKDW VLQFH
￿ " ￿ p   11 p Z HK D Y H1[   K Z b I p  11 (>+)=Mi@ KHQFH
￿￿ "" ￿ "" ￿ [1 [   K Z b I p[  [1 1 ( >+)=Mi@
￿ "   K Z b I Z  [( >+)=Mi@  
￿￿ ￿ "" " ￿ VLQFH p[   Z DQG [=   [1 1 =  2Q WKH RWKHU KDQG
ef ￿ " ￿ ￿ ￿ ￿ [( >+)=Mi@   K Z b I p1 (>+)=Mi@  (+ ) = Mi 1( >+)=Mi@
ef ￿ ￿   K Z b I I  (+ ) = Mi 1( >+)=Mi@ 
D Q GZ HF R Q F O X G HW K D W
KL cd c d ￿￿ ￿ " ￿ " (+) b =[  * Mi  KI b p[  J
ZKLFK SURYHV 6WDWHPHQW LY
Q ,Q RUGHU WR FKHFN 6WDWHPHQW LLL ZH FRQVLGHU D UDQGRP YHFWRU [ LQ 5 , PHDVXUDEOH ZLWK
￿ " UHVSHFW WR i DQG ZH GHqQH VXFFHVVLYHO\ Z   p[  [ Z  DV GHqQHG LQ 6WDWHPHQW LY IRU WKLV
￿ "" SDUWLFXODU FKRLFH RI Z D Q G\   11 [ $ J D L QZ HX V H[ DV D FRPSDFW QRWDWLRQ IRU [ Z 
￿￿ " ￿￿ ￿ 1RWLFH WKDW ZH KDYH DOUHDG\ GHULYHG WKDW p\  p[   Z DQG \=   \11 = KHQFH
￿ " ￿ ￿ ￿ ￿ ￿ [1 \   K Z b I p1 1\ \11 (>+)=Mi@   K Z b I Z  \(>+)=Mi@ 
DQG LQ YLHZ RI (TXDWLRQ  ZH REWDLQ
ef ￿ "" ￿ " [1\ b [  (+ ) = Mi \ b [  
￿￿ 6LQFH =[  =\ Z HF R P S X W H
KL K L cd c d ￿￿ ￿￿ " (+) b =[  * Mi b (+) b =[  * Mi
KL KL cd cd ￿￿ ￿￿   (+) b =[  * Mi b (+) b =\  * Mi
ef ￿ ￿ "" ￿ "   \1\b [1 [b (+ ) = Mi \ b [ 
￿￿ ￿ "" " "   \1\b [1 [b [1\ b [ 
￿ ""   \ b [  1 \ b [ 
w 
(YHQWXDOO\ ZH REWDLQ
KL K L cd c d c d c d ￿￿ ￿ ￿ ￿￿ " ￿ " ￿ KI b p[ J   KI b p[ J   (+) b =[  * Mi  (+) b =[  * Mi
ZKLFK SURYHV 6WDWHPHQW LLL
S ef ￿￿ , IZ HD S S O \, Q H T X D O L W \W R[  D Q G*   ZH REWDLQ KI  (+ )MiD Q G KI LV
￿ LQGHHG LQ / 3  7KH ,QHTXDOLW\ J w ( >* Mi@ UHVXOWV IURP WKH REVHUYDWLRQ WKDW
KL K L ef c ef d ￿ ￿ ￿ ￿ ￿ ￿ (+ )Mi b (+ ) = Mi 1( >+)=Mi@   (+) b (+ ) = Mi 1=Mi w 
7KLV DOVR SURYHV WKDW
KL ce f d ￿ ￿ ￿ ( J ( * (+) b (+ ) = Mi 1=
KL
￿  ( * (+ )
￿ VR WKDW J LV LQGHHG DQ HOHPHQW RI/ 3  7KLV SURYHV 6WDWHPHQW Y DQG FRQFOXGHV WKH SURRI
RI /HPPD  ￿
3U RR IR I3U R SR V L W L R Q  :H qUVW SURYH E\ EDFNZDUG LQGXFWLRQ WKDW LI &RQGLWLRQV D
DQG E DUH VDWLVqHG WKHQ WKH IROORZLQJ K\SRWKHVLV +\SWK R O G VI R UH Y H U \W L P HW EHWZHHQ 
DQG 7 b 

! ! IRU HYHU\ V VXFK WKDW W  V  7 b  DQG IRU HYHU\ ; ; W￿7 ! 
+\SW K LV ZHOO GHqQHG E\ (TXDWLRQ  ZLWK K! VV ! ! S ef ! ￿ Q ￿￿    / 3 K  5 ,  DQG KZ;   (K Z ;   VV V V V V ￿￿ V￿￿ V
/HW W EH DQ\ SHULRG EHWZHHQ  DQG 7 b  :H VHHN WR SURYH WKDW +\SWL VW U X H  ) R U
W 7 b  ZH DVVXPH WKDW +\SW  K R O G V 
&RQVLGHU D G\QDPLF SRUWIROLR ; ; , I W 7 b  LWV UHVWULFWLRQ WR WKH WLPH VHW W￿7
IW 7 J \LHOGV DQ HOHPHQW RI ; IRU ZKLFK ZH FDQ DSSO\ +\SW   : HR E W D L Q W￿￿ ￿7
ef ￿￿ WKDW IRU DQ\ WLPH V VXFK WKDW W V  7 b  ZH KDYH KZ;   (K Z ;  VV V V ￿￿ V￿￿
ef ￿￿ DQG ZH QHHG WR VKRZ WKDW KZ;   (K Z ;  , I W   7 b  ZH PXVW DJDLQ WW W W ￿￿ W￿￿
ef ￿￿ SURYH WKDW KZ;   (K Z ;   :H VHHN WR XVH /HPPD  ZLWK i   )  p   S  WW W W ￿￿ W￿￿ WW
+   K  )   *   DQG =     :H qUVW VKRZ WKDW &RQGLWLRQV D WR F RI WKLV W￿￿ W￿￿
OHPPD KROG &RQGLWLRQV D DQG E UHVXOW UHVSHFWLYHO\ IURP $VVXPSWLRQV  DQG  ,I
S ￿ Q W 7 b  ZH NQRZ IURP +\SW  W K D WK! D Q G K  / 3  5 ,  ,I W￿￿ W￿￿ W￿￿
S ￿ Q W   7 b  &RQGLWLRQ D VKRZV WKDW K  / 3  5 ,  ,Q ERWK FDVHV &RQGLWLRQ F 77
LV VDWLVqHG ,I ZH DSSO\ /HPPD  ZLWK [   ; ZH REWDLQ qUVW IURP 6WDWHPHQW LL WKDW K WW
LV ZHOO GHqQHG E\ (TXDWLRQ  ZLWK K! DQG VHFRQG IURP ,QHTXDOLW\  RI 6WDWHPHQW LLL W KL
￿￿ ￿￿ WKDW K S;   (K ;   6LQFH WKH SRUWIROLR ; LV VHOI qQDQFLQJ DW WLPH W WW W W ￿￿ W W W￿￿
ef ￿ ￿￿ ZH NQRZ WKDW ;   Z ;  DQG ZH FRQFOXGH WKDW KZ;   (K Z ; D V WW ￿￿ WW W W ￿￿ W￿￿ W￿￿ S ￿ Q GHVLUHG :H DUH OHIW WR SURYH WKDW   / 3 K  5 ,  LQ RUGHU WR VKRZ WKDW +\SWK R O G V  WW W
Q ,I ZH DSSO\ DJDLQ /HPPD  DW WLPH W ZLWK [ WKH FRQVWDQW SRUWIROLR LQ 5 , ZLWK RQH
￿ L XQLW RI 6HFXULW\ L IRU HYHU\ VHFXULW\ LQGH[ L DQG QR RWKHU VHFXULW\ ZH REWDLQ K S   W W KL
￿ L (K    7KLV HTXDWLRQ WRJHWKHU ZLWK +\SWL IW 7 b  DQG &RQGLWLRQ D WW ￿￿ W￿￿ S ￿ Q IRU W   7 b  VKRZ WKDW S EHORQJV WR / 3 K  5 ,  &RQGLWLRQ E VWDWHV WKDW G LV WW W W SS ￿ Q ￿ Q DOVR LQ / 3 K  5 ,  DQG ZH FRQFOXGH WKDW    S  G EHORQJV WR / 3 K  5 , D V WW ￿￿ WW W W W
GHVLUHG
7KLV FRQFOXGHV WKH EDFNZDUG LQGXFWLRQ SURRIWKDW +\SWK R O G VI R U W  7 b  )URP
WKLV ZH HDVLO\ GHULYH WKDW 6WDWHPHQWV L DQG LL RI 3URSRVLWLRQ  DUH VDWLVqHG
S ￿ 3 UR R I R I 6 WD WH P H Q W LLL :H VHHN WR VKRZ WKDW Z ; L VF O R V H GL Q/ 3 K  :H 7W ￿ 7 7
S QQ FRQVLGHU D VHTXHQFH I; J LQ ; VXFK WKDW WKH VHTXHQFH I KZ; J FRQYHUJHV Q w￿ W￿7 7 7 Q w￿
S ￿ Q WR K: LQ / 3  )RU HYHU\ LQGH[ Q Z HO H W< EH WKH G\QDPLF SRUWIROLR VWDUWLQJ DW 77
Q ￿ Q WLPH W GHqQHG E\ <   11 ; IRU HYHU\ SHULRG V ZLWK W  V  7 b  DQG VXFK WKDW V VV V
QQ <   ;  6WDWHPHQW L RI /HPPD  VKRZV WKDW IRU HYHU\ SHULRG V EHWZHHQ W DQG 7 b  77
￿ Q ￿ Q ￿ Q ￿ Q ZH KDYH <   ; DQG IURP WKH ODZ RI RQH SULFH ZH GHULYH WKDW S<   S; : H V￿￿ VV ￿￿ VV V V V
Q FRQFOXGH WKDW < LV D VHOI qQDQFLQJ SRUWIROLR LQ ; ZLWK D YDOXH SURFHVV LGHQWLFDO WR WKH W￿7
QQ Q RQH RI ;  WKDW LV VXFK WKDW Z <  Z ;  IRU HYHU\ SHULRG V EHWZHHQ W DQG 7  VV
S Q ￿ 6LQFH I KZ< J LV D &DXFK\ VHTXHQFH LQ / 3  LW UHVXOWV IURP 6WDWHPHQW L RI Q w￿ 77
3URSRVLWLRQ  WKDW IRU DQ\ SHULRG V ZLWK W  V  7 b 
KL K L SS
QP ￿ QP ￿ QP ￿ N KZ<  b KZ< N   (K Z < b <   (KZ< b <  ￿ VV VV VV 7 7 / ￿3 ￿
SS
QP ￿   N KZ<  b KZ< N ￿ 77 77 / ￿3 ￿
S Q ￿￿ DQG I KZ< J LV DOVR D &DXFK\ VHTXHQFH LQ / 3  ZKLFK FRQYHUJHV WR = LQ / 3  VV Q w￿ V
SS S Q ￿ :H GHqQH :   = K VR WKDW I KZ< J FRQYHUJHV LQ / 3 W R K: 1 R W L F H VV V V V Q w￿ VV
Q ￿ Q ￿ Q WKDW Z <  <   ; DQG WKHUHIRUH V￿￿ V￿￿ VV ￿￿ V
ef Q ￿ Q ￿ ￿ Q ￿ Q <   11 ;  1 ( K;  1( >KZ< @  VV V ￿￿ V￿￿ VV ￿￿ V￿￿ V￿￿ VVV V V ￿￿ VV
:H OHW
￿ <   1( >K: @  VV V ￿￿ V￿￿ V￿￿ V
SS ￿ ZKLFK LV ZHOO GHqQHG VLQFH ERWK K DQG K: DUH LQ / 3  $W WLPH 7 Z H V￿￿ V￿￿ V￿￿ V￿￿
￿ FKRRVH < PHDVXUDEOH ZLWK UHVSHFW WR ) VXFK WKDW S<   :  ZKLFK LV IHDVLEOH VLQFH 77 7 7 7
S GRHV QRW YDQLVK :H ZLVK WR SURYH WKDW < LV D G\QDPLF SRUWIROLR LQ ; VXFK WKDW 7 W￿7
Z <  : 7 K L VZ L O OE HW K HF D V HL IZ HF D QV K R ZW K D W< LV VHOI qQDQFLQJ 77
Q )LUVW ZH SURYH WKDW IRU W  V  7 b  WKH VHTXHQFH I( >KZ< @J VV ￿￿ V￿￿ V￿￿ Q w￿
￿ FRQYHUJHV LQ / 3 W R( >K: @ )RU HYHU\ LQGH[ L LQ IQJ VV ￿￿ V￿￿ V￿￿
rr KL K L rr LQ L (K  Z <  b (K  : rr VV ￿￿ V￿￿ VV ￿￿ V￿￿ V￿￿ V￿￿ ￿ / ￿3 ￿
qq KK L L qq LQ   ((K  Z <  b :  qq VV ￿￿ V￿￿ V￿￿ V￿￿
qq KL qq LQ  (K  Z <  b :  qq V￿￿ V￿￿ V￿￿ V￿￿
qq qq z TT qq qq LQ qq qq   (K  K Z <  b :  V￿￿ V￿￿ V￿￿ V￿￿ V￿￿ qq qq
rr r r TT rr r r LQ rr r r  K KZ <  b :   V￿￿ V￿￿ V￿￿ V￿￿ V￿￿ rr r r
￿￿ / ￿3 ￿ / ￿3 ￿
D Q GL QW K HV D P HZ D \ 
rr r r TT rr KL rr r r rr LQ L Q rr r r (K  Z <   K KZ<   rr VV ￿￿ V￿￿ V￿￿ V￿￿ V￿￿ V￿￿ V￿￿ rr r r ￿ / ￿3 ￿ ￿￿ / ￿3 ￿ / ￿3 ￿
rr r r TT rr KL rr r r rr LL rr r r (K  :  K K:  rr VV ￿￿ V￿￿ V￿￿ V￿￿ V￿￿ V￿￿ V￿￿ rr r r ￿ / ￿3 ￿ ￿￿ / ￿3 ￿ / ￿3 ￿
Q ￿ 7KH FRQYHUJHQFH RI I( >KZ< @J WR ( >K: @L Q/ 3  UHVXOWV VV ￿￿ V￿￿ V￿￿ VV ￿￿ V￿￿ V￿￿ Q w￿ QR SS L ￿ Q IURP WKH IDFW WKDW K LV DQ HOHPHQW RI / 3 D Q G KZ< F R Q Y H U J H V V￿￿ V￿￿ V￿￿ V￿￿ Q w￿ S ￿ LQ / 3 W R K:  V￿￿ V￿￿
$FFRUGLQJ WR 7KHRUHPV  DQG  RI $VK  ZH qQG D VXEVHTXHQFH  VXFK
QK L R
￿ ￿Q ￿ WKDW IRU HYHU\ SHULRG V IURP W WR 7 b  WKH VHTXHQFH (K  Z <  VV ￿￿ V￿￿ V￿￿
Q w￿
FRQYHUJHV 3 DOPRVW VXUHO\ WR ( >K: @ D Q GV X F KW K D WD WW L P H7 WKH VHTXHQFH VV ￿￿ V￿￿ V￿￿
￿ ￿Q ￿ IKZ< J FRQYHUJHV 3 DOPRVW VXUHO\ WR K:  , WL VF U L W L F D OK H U HW K D WE R W KW K H 77 Q w￿ 77
QXPEHU RI WUDGLQJ SHULRGV DQG WKH QXPEHU DI WUDGHG VHFXULWLHV EH qQLWH :H GHULYH IURP
￿ ￿Q ￿ (TXDWLRQV  DQG  WKDW < FRQYHUJHV 3 DOPRVW HYHU\ZKHUH WR < IRU W  V  7 b  V V
￿ ￿Q ￿ 6LQFH < LV D G\QDPLF SRUWIROLR LQ ;  ZH NQRZ IURP WKH VHOI qQDQFLQJ FRQGLWLRQ DW W￿7
￿ ￿Q ￿ ￿ ￿Q ￿ ￿￿ ￿ ￿Q ￿ ￿ WLPH V  W K D W<   S<   Z <  $W WKH OLPLW ZH REWDLQ <   V V￿￿ V V￿￿ V￿￿ V￿￿ V￿￿
￿ S<   Z < Z K L F KS U R Y H VW K D W< LV VHOI qQDQFLQJ IURP WLPH W  W RW L P H7 : H V￿￿ V￿￿ V￿￿
FRQFOXGH WKDW < LV D SRUWIROLR LQ ; VXFK WKDW Z <  : D Q GW K H U H I R U HW K D WW K HV H W W￿7 7 7
S ￿ Z ; L VF O R V H GL Q/ 3 K  7W ￿ 7 7 ￿
3URRIRI/HP P D5HSHDWLQJ WKH EDFNZDUG LQGXFWLXRQ DUJXPHQW RIWKH SURRIRI3URSR
Q VLWLRQ  ZH DSSO\ /HPPD  DW WLPH W ZKHUH ; LV WKH FRQVWDQW SRUWIROLR LQ 5 , ZLWK RQH XQLW
KL
￿￿ NN RI 6HFXULW\ N DQG QR RWKHU VHFXULW\ :H REWDLQ WKDW K S   (K S   )RU HYHU\ LQ WW 7 W 7
L ￿ NN ￿ L ￿ NN GH[ L EHWZHHQ  DQG Q ZH REWDLQ WKDW ( >K G @ ( >K S S G @ D Q G V L Q F H  S SG WW 7 WW W W 77 SS ￿ Q ￿ Q EHORQJV WR / 3 K  5 ,  ZH FRQFOXGH WKDW G LV DQ HOHPHQW RI / 3 K  5 ,  WW ￿ 7 W
$SSHQGL [ WR 6HFWL RQ 
3U RRIRI3U RSRV L W L RQ :H FRQVLGHU D SRUWIROLR ; ; D Q GZ HV K R ZE \E D F N Z D U G W￿7
S ￿￿ LQGXFWLRQ WKDW IRU HYHU\ SHULRG V EHWZHHQ W DQG 7 b  )  / 3 K  J  / 3  VV V V KL
￿ ￿ J w  DQG K ) b Z ;   J  (K ) b Z ;  J  $VVXPH WKDW VV V V V V V ￿￿ V￿￿ V￿￿ V￿￿
WKHVH SURSHUWLHV KROG IURP WLPH V  W R 7 b  :H DSSO\ /HPPD  ZLWK [   ;  V
i )  p   S  +   K  )   )  *   J D Q G=     7KH LQGXFWLRQ K\SRWKHVLV VV V ￿￿ V￿￿ V￿￿ V￿￿
DQG WKH UHVXOWV RI 3URSRVLWLRQ  VKRZ WKDW WKH FRQGLWLRQV RI /HPPD  DUH PHW DQG WKLV
OHPPD SURYHV WKH GHVLUHG SURSHUWLHV DW WLPH V ZKLFK FRPSOHWHV WKH EDFNZDUG LQGXFWLRQ
SURRI
W￿Z ￿) W 7 :H QRZ WXUQ WR WKH SURSHUWLHV RIWKH G\QDPLF SRUWIROLR ;  ,W LV LPPHGLDWH WR FKHFN
W￿Z ￿) W￿Z ￿) W W 7 7 WKDW ; LV D VHOIqQDQFLQJ SRUWIROLR VWDUWLQJ DW WLPH W ZLWK LQLWLDO ZHDOWK Z ;   W
W￿Z ￿) W 7 Z , Q R U G H U W R S U R Y H W K D W ; LV D G\QDPLF SRUWIROLR LQ ; Z HV K R ZE \I R U Z D U G W W￿7
S W￿Z ￿) ￿ W 7 LQGXFWLRQ WKDW KZ; L VL Q/ 3  IRU HYHU\ SHULRG V EHWZHHQ W DQG 7 : HN Q R Z VV
SS ￿ W￿Z ￿) ￿ W 7 WKDW KZ LV LQ / 3  /HW XV DVVXPH WKDW KZ; E H O R Q J VW R/ 3 D WW L P HV WW VV
ZLWK W  V 7 :H DSSO\ DJDLQ /HPPD  ZLWK i   )  p   S  +   K  )   )  VV V ￿￿ V￿￿
W￿Z ￿) W￿Z ￿) WW 77 *   J  =    D Q GZ   Z ;  6LQFH ; LV VHOI qQDQFLQJ ZH FKHFN WKDW V￿￿ V￿￿ V
"W ￿ Z ￿ ) W 7 [ Z  ; VR WKDW V
z uvu v ￿￿ W￿Z ￿) W￿Z ￿) W W 7 7 K) b Z ;  J   (K ) b Z ;  J VV V V VV ￿￿ V￿￿ V￿￿ V￿￿
ZKLFK LPSOLHV
z  z uv u v ￿￿ W￿Z ￿) W￿Z ￿) W W 7 7 (K )b Z ;  J   (K ) b Z ;  J VV V V V ￿￿ V￿￿ V￿￿ V￿￿
S SS ￿ W￿Z ￿) ￿ W 7 6LQFH J DQG J DUH LQ / 3 D Q G K) K)D Q G KZ; D U HL Q/ 3  VV ￿￿ VV V ￿￿ V￿￿ VV
S S W￿Z ￿) ￿ W￿Z ￿) W W 7 7 ZH FRQFOXGH WKDW KZ; L VD O V RL Q/ 3  DV GHVLUHG VR WKDW KZ;  V￿￿ V￿￿ VV
￿ EHORQJV WR / 3  IRU HYHU\ SHULRG V EHWZHHQ W DQG 7  6WDWHPHQW LL RI 3URSRVLWLRQ  VKRZV
W￿Z ￿) W 7 WKDW ; LV LQGHHG D G\QDPLF SRUWIROLR LQ ;  W￿7
:H KDYH GHULYHG WKDW IRU HYHU\ SHULRG V EHWZHHQ W DQG 7 b  DQG IRU HYHU\ G\QDPLF
SRUWIROLR ; LQ ;  W￿7
KL
￿￿ K ) b Z ;  J  (K ) b Z ;  J VV V V VV ￿￿ V￿￿ V￿￿ V￿￿
z uv u v ￿￿ W￿Z ￿) W￿Z ￿) W W 7 7 K) b Z ;  J   (K ) b Z ;  J VV V V VV ￿￿ V￿￿ V￿￿ V￿￿
%\ XVH RI LWHUDWHG H[SHFWDWLRQV ZH HYHQWXDOO\ REWDLQ (TXDWLRQ  DQG WKH IDFW WKDW HYHU\
G\QDPLF SRUWIROLR ; LQ ; ZLWK LQLWLDO YDOXH Z VDWLVqHV W￿7 W
z uv K L ￿ ￿￿ W￿Z ￿) W 7 (K) b Z ;   K ) b Z  J  (K ) b Z ;   W7 7 7 WW W W W7 7 7
ZKLFK SURYHV 3URSRVLWLRQ  ￿
3 URRI RI /HP P D  6WDWHP HQW L  /HW XV DVVXPH E\ EDFNZDUG LQGXFWLRQ WKDW
4 Z ;    Z ;  7KH VHOI qQDQFLQJ FRQGLWLRQ RI SRUWIROLR ; DW WLPH V  D Q G V￿￿ V￿￿ 7
(TXDWLRQ  \LHOG
ef ￿ ￿ ￿￿ ￿ ￿ 4 Z ;    S 1 ( K;  S1 1 ;   S;   Z ;  V7 VV ￿￿ V￿￿ VV V V V VV V ￿￿ VV V
ZKLFK SURYHV WKH EDFNZDUG LQGXFWLRQ DQG 6WDWHPHQW L
6WDWHP HQW L L  7KLV LV D GLUHFW FRQVHTXHQFH RI (TXDWLRQ 
W￿Z ￿￿ W￿Z ￿￿￿ WW 6 WD WH P H Q W LLL 7KH HTXDWLRQ ;   KZ; 1S UHVXOWV IURP 3URSRVLWLRQ  VV V VV
W￿Z ￿￿ W￿Z ￿￿ ￿ W￿Z ￿￿ WW W DQG WKH VHOIqQDQFLQJ FRQGLWLRQ RI; DW WLPH V ZULWHVZ ;  ;  V￿￿ V V￿￿
WKHUHIRUH
KL K L ￿ W￿Z ￿￿ W￿Z ￿￿ W W (K Z ; 4 )   (K 4 ) ; VV ￿￿ V￿￿ V￿￿ VV ￿￿ V￿￿ V￿￿ 77 V
W￿Z ￿￿ ￿b ￿ W   KZ; S1 ( >K4 )  @  VV V V ￿￿ V￿￿ 7V ￿￿ VV
:H NQRZ IURP 3URSRVLWLRQ  WKDW
￿ ￿ 4 )  S1 ( >K4 )  @ VV V ￿￿ V￿￿ V￿￿ 77 VV
DQG ZH GHULYH
KL
W￿Z ￿￿ W￿Z ￿￿ WW (K Z ; 4 )   KZ; 4 )  VV ￿￿ V￿￿ V￿￿ VV V 77
:H HYHQWXDOO\ REWDLQ E\ LWHUDWHG H[SHFWDWLRQV
KL
W￿Z ￿￿ W￿Z ￿￿ WW (K Z ; )   KZ; 4 )  V7 7 7 V V V 7
DV GHVLUHG
6WDWHP HQW L Y )RU DQ\ SHULRG X IURP V WR 7 b  WKH VHOI qQDQFLQJ FRQGLWLRQ DW
W￿Z ￿) ￿ W￿Z ￿) W W 7 7 WLPH X  R IE R W K; DQG ; ZULWHV Z ;  ; DQG Z ;   X ￿￿ XX ￿￿ X ￿￿
￿ W￿Z ￿) W 7 ;  %HVLGHV ZH NQRZ IURP 3URSRVLWLRQ  WKDW X X ￿￿
uv
W￿Z ￿) W￿Z ￿) ￿￿ WW 77 ;   KZ ;  b 4 )  1S  1(>K4 )  @  XX X X X X ￿￿ X ￿￿ X ￿￿ 77 XX X
￿ ￿ ￿￿ ￿ ￿ 0DNLQJ XVH RI WKH HTXDOLWLHV S1 1   S DQG ;11    ; Z HF R P S X W H XX X ￿￿ X ￿￿ XX X X X X Ku v L
W￿Z ￿) W 7 (KZ ;  b 4 )  Z ;  X ￿￿ X ￿￿ X ￿￿ X ￿￿ X ￿￿ 7
uv ef W￿Z ￿) ￿ ￿ ￿ W 7   KZ ;  b 4 )  S1 ( K   ; XX X X X ￿￿ X ￿￿ X 7 XX X ￿￿
ec d f ￿￿ ￿  ;( K   1 (>K4 )  @ b 4 )  XX ￿￿ X ￿￿ XX ￿￿ X ￿￿ 7X ￿￿ X ￿￿ 7 XX ￿￿ X
uv
W￿Z ￿) ￿ ￿ W 7   KZ ;  b 4 )  S1 1 ; XX X 7 X X XX
ef ￿ ￿ ￿  (K 4 ) ;11  b ;(>K4 )  @ XX ￿￿ X ￿￿ XX ￿￿ XX ￿￿ X ￿￿ X ￿￿ 77 XX X
uv
W￿Z ￿) ￿ W 7   KZ ;  b 4 )  S; XX X 7 X X
￿￿  ;(>K4 )  @ b ;(>K4 )  @ XX ￿￿ X ￿￿ 7X ￿￿ XX ￿￿ X ￿￿ 7X ￿￿ XX
uv
W￿Z ￿) W 7   KZ ;  b 4 )  Z ;  XX X X 7
DQG LWHUDWHG H[SHFWDWLRQV \LHOG 6WDWHPHQW LY ￿
3U RRIRI/H P P D :H OHW )   4 ) D Q GJ   * )  )ROORZLQJ (TXDWLRQ  ZH WW WW 77 KL
￿ W￿Z ￿) W￿) ￿) W￿Z b)￿ ￿ WWW W 77 ZULWH ;   ;  ; DQG ZH GHFRPSRVH (K ) b Z <  DV W7 7 7
z uv ￿ W￿) ￿) W￿Z b)￿ ￿ W￿Z ￿) WW W W 77 (K) b Z ;  b Z ; Z ; b <   W 77 7 7 7
:H GHYHORS WKLV ODVW IRUPXOD DQG ZH VWXG\ WKH YDULRXV WHUPV :H OHDUQ IURP 3URSRVLWLRQ 
WKDW
z uv ￿ W￿) ￿) W 7 (K) b Z ;   J WW 77 7
z uv ￿ ￿ W￿Z b)￿ ￿ WW (KZ ;   K ) b Z   W7 7 WW W
)RU WKH GRXEOH SURGXFWV ZH KDYH DFFRUGLQJ WR 6WDWHPHQWV LY RI /HPPD 
Ku v L
W￿) ￿) W￿Z ￿) W￿Z b)￿ ￿ WW W W 77 (K )b Z ;  Z ; b < b ;    W 77 7 7
DQG
KL
W￿Z b)￿ ￿ W￿Z ￿) W￿Z ￿) WW W W 77 (K Z ; Z ; b <   K ) b Z 4 Z ; b <  WW W W W 77 7 7
  K ) b Z Z b Z <  WW W W W
DFFRUGLQJ VXFFHVVLYHO\ WR 6WDWHPHQWV LY DQG L RI /HPPD  :H REWDLQ WKDW
KL
￿ (K ) b Z <  W 77 7
z uv ￿ ￿ W￿Z ￿) W 7   K ) b Z  J b K ) b Z Z b Z <  (KZ ;  b Z <  WW W W W W W W W W7 7 7
z uv ￿ W￿Z ￿) W 7 D Q GZ HF R Q F O X G HW K D W(KZ ;  b Z <   R Q $ <  6LQFHK LV SRVLWLYH WW 77 7 7
W￿Z ￿) W 7 Z < D Q GZ ; D U H3 DOPRVW VXUHO\ LGHQWLFDO RQ $ <  77 W ￿
3U RR IR I/H PPD  6WDWHPHQW L LV REWDLQHG E\ EDFNZDUG LQGXFWLRQ RQFH ZH QRWLFH
s ￿ s ￿ WKDW K   sK DQG WKDW LI K   sKW K H Q W￿￿ 7 W￿￿ W￿￿ 77
wx b￿ KL ￿ ￿￿ s s sss s K   S( K   S W WW W ￿￿ W￿￿ W￿￿ W
uv b￿ ef ￿ ￿ ￿￿   sS (K   S WW ￿￿ W￿￿ W WW W ￿￿
￿   sK W W
Is ss ￿ 6WDWHPHQW LL LV WKHQ D GLUHFW FRQVHTXHQFH RI 6WDWHPHQW L VLQFH +   K  5 D Q G WW W
Is I 5   s5  W ￿ W W￿7
$SSHQGL [ WR 6HFWL RQ 
3U RR IR I3U R SR V L W L R Q  6W D W H PH QW L  2Q WKH VHW I+   ( >K @JZ HQ R W L F HW K D W WW 7
S SS I ￿ ( >K @ K   5   S   Z   :H VHHN WR DSSO\ /HPPD  ZLWK Z    KDQG W 7 W W W￿7 W W W W￿7 S
)   :H FRQVLGHU WKH VWUDWHJ\ < ZKLFK EX\V DQG KROGV  ( >K @ XQLWV RI WKH ULVN 7 W7
IUHH ERQG IURP SHULRG W XS WR KRUL]RQ 7  7KH G\QDPLF SRUWIROLR < VWDUWV DW WLPH W DQG LW LV
S ef ￿ REYLRXVO\ VHOI qQDQFLQJ :H UHPDUN WKDW (K Z <   V R W K D W <   ( >K @ WW 77 7 W ￿ 7
S
LV D G\QDPLF SRUWIROLR LQ ; : H D O V R K D Y H Z <    KRQ I+   ( >K @J7 K L V WW W W W￿7 7
SURYHV WKDW I+   ( >K @J LV D VXEVHW RI $ <  DV GHqQHG LQ /HPPD  DQG WKHUHIRUH WW 7 W
S I WW W Z ;  Z   Z <     K 5Z RQ I+   ( >K @J 77 7 W W 7 W 7 W￿7
I K 7 (TXDWLRQ  DQG VLPSOH DOJHEUD VKRZ WKHQ WKDW 4 )     5 ( >) @R QI+   WW 77 W W￿7 S ￿ ( >K @J IRU HYHU\ SD\Rp ) LQ / 3 K  ,Q SDWLFXODU IRU )   Z ; Z L W K; DG \ Q D P L F W 77 77 7
I K 7 SRUWIROLR ; Z HF R Q F O X G HI U R P6 W D W H P H Q W L R I/ H P P DW K D W( >Z ; @b 5Z ;   W￿7 7W W W￿7
R QI+   ( >K @J WW 7
6WDWHP HQW L L  /HW ; EH D SRUWIROLR LQ ; DQG OHW Z   Z ;  /HW DOVR ) EH D W￿7 W W W
UDQGRP YDULDEOH PHDVXUDEOH ZLWK UHVSHFW WR ) DQG OHW XV FRQVLGHU WKH G\QDPLF SRUWIROLR W
S S W <   r;  )  ZLWK r   KZ b +) :H FKHFN WKDW Z <  Z DQG Z <   WW W W W W W W W W￿7 7
W rZ  )  6LQFH ZH LPSRVH QR LQWHJUDELOLW\ FRQGLWLRQ RQ )  ZH PDNH QR FODLP DERXW WW W 7 S W WKH LQWHJUDELOLW\ RI Z < D Q G< PD\ QRW EH LQ ;  7KH HTXDOLWLHV ( >KZ@  +  7W ￿ 7 W 7 W 7 S W ￿ W ( >K Z @  D Q G( >KZZ; @   KZ \LHOG WKH IROORZLQJ UHVXOWV WW W W 77 7 77
SS
( >KZ< @   K+ Z  ( >K @ b +  ) W77 W W W W 7 W W
KL
￿￿ ￿ (K Z <   KZ  ( >K @ b +  ) WW W W 77 7 WW
KL
￿￿ (K ) b Z <    r W7W 7 W
( >K ) b Z < Z ;  b Z < @   W7 W 7 7 7
ef ￿ 'HFRPSRVLQJ (K ) b Z ;  LQWR WKH WKUHH IROORZLQJ WHUPV W7 W 7
KL K L
￿￿ (K ) b Z <  (K Z ;  b Z <  W7W 7 W7 7 7
( >K ) b Z < Z ;  b Z < @ WW 77 7 7
ZH GHULYH WKDW
uv K L SS ￿ ￿￿ r   KZ b +)  (K ) b Z ;  WW WW W 7 W 7 W
DQG VLQFH
KL uv ￿  KK ￿ 7 7 9DU >Z ; @   (K ) b Z ;  b ( >Z ; @ b ) 7W 7 W 7 7 W WW ( >K @ W 7
ZH REWDLQ WKDW
uv u v SS ￿￿  KK 77 KZ b +) b ( >Z ; @ b )  9DU >Z ; @ WW WW 7 W 7 WW ( >K @ W 7
:H QRZ VHOHOFW ) ZKLFK PD[LPL]HV WKH OHIW KDQG VLGH RI WKH DERYH LQHTXDOLW\ :H OHW W
uv S S K 7 ( >K @( >Z ; @ b K+ Z WW W W 77 W
)   W ( >K @ b +  WW 7
RQ WKH VHW I+ ( >K @J D Q GZ HO H W)  R QW K HV H WI+   ( >K @J )RU WKLV FKRLFH RI ) WW 7 W WW 7 W
ZH FRPSXWH VXFFHVVLYHO\
￿ uv u v SS SS ￿￿ ( >K @ b +  WW 7 K 7 KZ b +)   ( >K @ KZ b +( >Z ; @  WW WW W7 WW W 7 W ( >K @ W 7
uv u v S S ￿￿ KK ￿ 7 7 ( >K @ b +  ( >Z ; @ b )   +K Z b +( >Z ; @  WW W W W W W 77 7 WW
S S I DQG ZH REWDLQ VLQFH K +   5  WWW￿7
uv ￿ I KK ￿ 7 7 ( >K @ b +  +(>Z ; @ b 5Z ;   ( >K @ b + 9 D U > Z ; @  WW W W WW 77 7 7 WW W￿7
:H GLVWLQJXLVK QRZ WZR FDVHV 2Q WKH VHW I+ ( >K @J ,QHTXDOLW\  OHDGV GLUHFWO\ WR WW 7
K 7 ,QHTXDOLW\  2Q WKH VHW I+   ( >K @JZ HK D Y HV H H QL Q6 W D W H P H Q W L W K D W( >Z ; @b WW 7 7 W
I 5Z ;    DQG ,QHTXDOLW\  LV DJDLQ VDWLVqHG W W￿7
6 WD WH P H Q W LLL :LWK WKH KHOS RI (TXDWLRQ  ZH GHULYH qUVW
KL + b ( >K @ WW 7 I K WW 7 S (Z ;  b 5Z ;    7W W W￿7 ( >K @ + W7 W
DQG VHFRQG
KL ( >K @ b +  W7 W K W 7 9DU Z ;    7 W ￿ ( >K @ W 7
ZKLFK \LHOGV WKH GHVLUHG HTXDOLW\ DQG FRQFOXGHV WKH SURRI RI 3URSRVLWLRQ  ￿
S I 3URRIRI/HP P D7KH YDOXH DW WLPH W RI; LV Z ;  r K) 5 DQG WKHUHIRUH WW W W W￿7 SS S ef e f W ￿ W r  +)  KZ;  6LQFH (K Z   D Q G (K Z   + Z HF R P S X W H WW WW W W 7 W 7 W 77
KL S
￿￿ ￿ (K Z ;   r  )(>K @ r) + W7 7 W 7 W W W WW
uv S ￿ ￿   r  +)  ( >K @ b + ) WW W W 7 W W
￿￿   KZ;   ( >K @ b + ) WW W W 7 W
ZKLFK \LHOGV (TXDWLRQ  DQG
KL K L K L
￿￿ ￿ (K Z;   (K Z ;  ( ( >K @ b + )  77 W W W7 WW
S
,I ; ;  ZH NQRZ IURP 6WDWHPHQW LL RI 3URSRVLWLRQ  WKDW ERWK KZ; D Q G W￿7 77
S S ￿ KZ; D U HL Q/ 3  DQG ZH FRQFOXGH IURP (TXDWLRQ  WKDW ( >K @ b +  ) LV DOVR WW WW W 7
￿ LQ / 3 
S S ￿ 5HFLSURFDOO\ LI ERWK KZ; D Q G  ( >K @ b +  ) DUH LQ / 3  WKHQ (TXDWLRQ  WW W7 W W
S ￿ SURYHV WKDW KZ; L VL Q/ 3  DQG WKH VHOI qQDQFLQJ SRUWIROLR ; LV LQ ;  77 W￿7
6 WD WH P H Q WV L D Q G LLL 6WDWHPHQWV L DQG LLL UHVXOW IURP VLPSOH FDOFXODWLRQV RQFH
S efe f S W ￿ WW ZH UHFDOO WKDW (K Z    (K Z   + D Q GZ ;    K  WW W W W 77 77
K 7 6WDWHP HQW L L  :H VHW Z   Z ; D Q G:   ( >Z ; @ DQG ZH FRQVLGHU D WW W ￿ 7 7 W
K 7 SRUWIROLR < LQ ; VXFK WKDW Z <  Z DQG ( >Z < @   :  ,QHTXDOLW\  SURYHV W￿7 W W 7 W￿7 W
WKDW
uv u v ￿￿ I KK 77 :b 5Z  65 9DU >Z < @ W W￿7 7 W W￿7 W￿7
DQG VLQFH ; VDWLVqHV ,QHTXDOLW\  ZLWK DQ HTXDOLW\ ZH DOVR KDYH
uv u v ￿￿ I KK 77 :b 5Z  65 9DU >Z ; @ W￿7 W 7 W W￿7 W￿7
KK 77 :H FRQFOXGH WKDW 9DU >Z ; @  9DU >Z < @ RQ WKH VHW I  65 J2 Q I65   W7 W7 W￿7 W￿7
KK 77 J 6WDWHPHQW L SURYHV WKDW 9DU >Z ; @   DQG ZH VWLOO KDYH 9DU >Z ; @  77 WW
K 7 9DU >Z <  @ 7 K L VS U R Y H VW K D W; LV RQ WKH IURQWLHU ()  7W ￿ 7 W S
)RU WKH HYDOXDWLRQ RI WKH 6KDUSH UDWLR RI WKH VWUDWHJ\ ; Q R W L F HW K D Wr   b + ) b WW W
II I K 7 5Z ;  VR WKDW b r  ) b 5Z ;  DQG ( >Z ; @ b 5Z ; K D Y HW K HV D P H WW W W 7 W W W￿7 W￿7 W￿7
VLJQ ￿
S S S
3U RRIRI3U RSRV L W L RQ 6LQFH ERWK ( >K @ b +  ) DQG r  +)  KZ DUH WW W W W W W W 7
￿ LQ / 3  ZH OHDUQ IURP /HPPD  WKDW ; EHORQJV WR ; ZLWK Z ;  Z 6 W D W H P H Q W L  WW W￿7 W
RI /HPPD  VKRZV WKDW
uv
I KK K ￿￿ 77 7 65  )   6 5  ( >Z ; @ b 5Z ;  WW 7 W W￿7 W￿7 W￿7
K 7 DQG WRJHWKHU ZLWK (TXDWLRQ  ZH GHULYH WKDW ( >Z ; @   :  :H FRQFOXGH ZLWK 7W ￿ 7 W
6WDWHPHQW LL RI /HPPD  WKDW ; EHORQJV WR () DQG WKDW LW LV D VROXWLR WR WKH VWDWHG W￿7
RSWLPL]DWLRQ SURJUDP ￿
3U RRIRI/H PPD :H VKRZ WKDW LI DW OHDVW RQH RI WKH &RQGLWLRQV  RU  LV VDWLVqHG
WKHQ ZH FDQ qQG D UDQGRP YDULDEOH ) ZLWK WKH GHVLUHG SURSHUW\ W
& RQGL WL RQ  2Q WKH VHW I+   ( >K @J ZH OHDUQ IURP 6WDWHPHQW L RI 3URSRVLWLRQ  WW 7
I WKDW 5   5 D Q GW K HU L J K WK D Q GV L G HR I( T X D W L R Q L VH T X D OW R] H U R : HO H W)  R Q W W￿7 W￿7
WKLV VHW 2Q WKH VHW I+ ( >K @JD Q \V R O X W L R Q) WR (TXDWLRQ  VDWLVqHV WW 7 W
I K 7 ( >K @ b + )   ( >K @( >Z ; @ b +5 Z;  WW W W W W 77 7 W W￿7
uv
II K 7   ( >K @ ( >Z ; @ b 5Z ;   ( >K @ b + 5Z ;  W7 7 W W7 W W W W￿7 W￿7
SS I DQG VLQFH +5   K  WW W￿7
T uv ( >K @ W7 I K 7 S ( >K @ b +  )   ( >Z ; @ b 5Z ;  W7 W W 7 W W W￿7 ( >K @ b +  W7 W
V wx S ( >K @ W7  b  KZ;  WW + W
S ￿ :H SURYH WKDW  ( >K @ b +  ) LV LQ / 3  E\ VKRZLQJ WKDW WKH WZR WHUPV WW W 7 I +￿ (>K @J WW 7
RQ WKH ULJKW KDQG VLGH RI WKH DERYH HTXDWLRQ KDYH qQLWH VHFRQG PRPHQW RQ WKH VHW I+ W
( >K @J W7
S ￿ )RU WKH VHFRQG WHUP WKLV IROORZV IURP WKH IDFWV WKDW KZ; E H O R Q J VW R/ 3 D Q G WW
S K 7 ( >K @ + b   65 LV DVVXPHG ERXQGHG WW 7 W￿7
)RU WKH qUVW RQH ZH GHULYH IURP ,QHTXDOLW\ 
￿ uv ￿ ￿ ( >K @ ( >K @ WW 77 I KK 7 7 ( >Z ; @ b 5Z ;   9DU >Z ; @ 7W 7 WW W￿7 ( >K @ b +  + W7 W W
￿ ( >K @ W7 K ￿ 7  ( >Z ; @ 7 W + W
( >K @ W7 ￿  ( >KZ; @  W 77 + W
S ￿￿ DQG VLQFH ( >K @ +  . DQG KZ; L VL Q/ 3  ZH REWDLQ WKDW WW 77 7
uv ( >K @ W7 I K 7 S ( >Z ; @ b 5Z ;  W 7 W W￿7 ( >K @ b +  W7 W
S
KDV qQLWH VHFRQG PRPHQW RQ I+ ( >K @J DQG ZH FRQFOXGH WKDW ( >K @ b +  ) LV DQ WW W W W 77
￿ HOHPHQW RI / 3 
WW & RQGL WL RQ  1RWLFH qUVW &RQGLWLRQ  LPSOLHV WKDW + ( >K @ 6LQFH ( >KZ@ Z   WW 7 W 7 W 7
I +5 ZH KDYH W W￿7
II K 7 ( >K @:b +5 Z   ( >K @( >Z ; @ b +5 Z W7 W ￿ 7 W W W7 7 W W W W￿7 W￿7
KL Z W W   ( >KZ; @ b (K Z ;  W77 W 77 W Z ;  W Ku v L S S
W￿￿ K￿ ￿ W   (K Z ;  b KZZ ;  WW W 77 7
Ku v L
W￿Z ￿￿ W   (K Z ;  b Z ;  W7 7 7
  ( >KZ< @ W77
cd W￿Z ￿￿ W ZKHUH < LV WKH G\QDPLF SRUWIROLR ; b ; LQ ; : H R E W D L Q W K D W ) V R O X W L R QW R W￿7 W
(TXDWLRQ  VDWLVqHV
T ( >KZ< @ W77 S ( >K @ b +  )    WW W 7 ( >K @ b +  W7 W
:H FRPSXWH
SS ce f d wx ￿ ￿ T ￿ ( >KZ< @ (K K Z <  W77 W 7 77 ( >K @ b +  )    WW W 7 ( >K @ b +  ( >K @ b +  W7 W W7 W ef ￿ ( >K @ (K Z <  WW 77 7 
( >K @ b +  WW 7
KL ( >K @  + WW 7 ￿   (K Z <  W7 7 ( >K @ + b  WW 7
K ￿ 7 KL 65    W￿7 ￿   (K Z <  W 77 K 7 ￿ 65  W￿7
￿ KL t   ￿  (K Z <   W7 7 ￿ t
K 7 ZKHUH ZH KDYH XVHG VXFFHVVLYHO\ &DXFK\6FKZDUW] ,QHTXDOLW\ DQG WKH IDFW WKDW t  65  W￿7
:H REWDLQ HYHQWXDOO\
 wx T ￿ ￿ KL t   ￿ ( ( >K @ b +  )  (K Z<   W7 W W 77 ￿ t
S ￿ ZKLFK SURYHV WKDW ( >K @ b +  ) EHORQJV WR / 3  VLQFH < LV LQ ;  DQG WKHUHIRUH WW W 7W ￿ 7
S ￿ KZ< L VL Q/ 3  77 ￿
3U RR IR I3U R SR V L W L R Q  / H WX VF R Q V L G H UDS R U W I R O L R; LQ () DQG OHW Z   Z ;  W￿7 W W
K 7 DQG :   ( >Z ; @ $FFRUGLQJ WR /HPPD  VLQFH ; LV D G\QDPLF SRUWIROLR LQ ; W￿7 7 W￿7 W
DQG &RQGLWLRQ  RU  KROGV ZH qQG D UDQGRP YDULDEOH )  PHDVXUDEOH ZLWK UHVSHFW WR )  WW
S ￿ VROXWLRQ WR (TXDWLRQ  RI 3URSRVLWLRQ  DQG VXFK WKDW ( >K @ b +  ) LV LQ / 3  :H WW W 7
W DOVR OHDUQ IURP 3URSRVLWLRQ  WKDW WKH G\QDPLF SRUWIROLR <   r;  )  LV VROXWLRQ WR WW W ￿ 7
ef K 7 { HVVLQI9DU Z ;   7 W 
! { ! ; ; W￿7 ! 
{ V W Z ;  Z WW ! ! ef ! K 7  { (Z ;   : 7W ￿ 7 W
KK 77 6LQFH ; L VR QW K HH s F L H Q WI U R Q W L H U Z HP X V WK D Y H9 D U > Z ; @  9DU >Z < @ 7KLV 77 WW
KK 77 ODVW HTXDOLW\ WRJHWKHU ZLWK WKH IDFW WKDW ( >Z ; @   ( >Z < @   : \ L H O G V 7 7 W￿7 WW KL KL
KK ￿￿ 77 ( Z ;    ( Z <  DQG 77 WW
( >KZ; @   ( >KZ< @ W77 W77
KL KL
￿￿ (K Z ;    (K Z <   WW 77 77
:H OHDUQ IURP (TXDWLRQ  RI /HPPD  WKDW
KL
￿￿ ￿ (K Z <   KZ  ( >K @ b + ) W7 7 W W 7 W WW
DQG ZH FRPSXWH
KL S
W ( >KZ< @   r( K Z ;  )(>K @ r+  )(>K @ W77 W W77 W W 7 W W W W 7
0DNLQJ XVH RI 6WDWHPHQW LY RI /HPPD  ZLWK V   W DQG )    ZH GHULYH 7
KL
W ( >KZ; Z < @   (K Z ; Z r;  )   W 7 7 7 W 7 7 7 W W W￿7
KL
W   r( K Z ; Z ;  )( >KZ; @ WW 7 7 7 WW 7 7
W   rKZ; Z ; )( >KZ< @ WWW W W W 77
SS
￿   rK Z  )r +  )(>K @ WW W W W W W 7 W
S S
5HSODFLQJ r E\ KZ b +)Z HR E W D L Q WW W W W
SS SS
￿￿ ￿ ( >KZ; Z < @   KZ b K+ ) Z  K+ ) Z b )+ )(>K @ W W WW W W WW W W W W 77 7 7 WW W
￿￿   KZ  ( >K @ b +  ) WW 7 W WW
KL KL
￿￿   (K Z ;   (K Z <   W7 7 W7 7
:H WKHUHIRUH KDYH
KL K L K L
￿ ￿￿ (K Z ;  b Z <    (K Z ;  (K Z <  b ( >KZ; Z < @   W7 7 7 W7 7 W7 7 W 7 7 7
ZKLFK SURYHV WKDW Z ;  Z <  (YHQWXDOO\ LWHUDWHG XVH RI WKH ODZ RI RQH SULFH DQG 77
WKH VHOI qQDQFLQJ FRQGLWLRQ SURYHV E\ EDFNZDUG LQGXFWLRQ WKDW Z ;  Z < I R UH Y H U \ VV
SHULRG V EHWZHHQ W DQG 7  ￿
Q 3U R R IR I3U R SR V L W L R Q   :H FRQVLGHU D VHTXHQFH I; J RI HsFLHQW SRUWIROLRV LQ Q w￿
SS Q ￿ () VXFK WKDW WKH VHTXHQFH I KZ; J FRQYHUJHV WR KZ LQ / 3  :H VHHN Q w￿ W￿7 7 7 7 7
WR H[KLELW DQ HsFLHQW SRUWIROLR ; VXFK WKDW Z   Z ;  77
S Q 6WDWHPHQW L RI 3URSRVLWLRQ  SURYHV WKDW WKH VHTXHQFH I KZ; J LV &DXFK\ LQ WW Q w￿
SS ￿ ￿ / 3  DQG FRQYHUJHV WKHUHIRUH WR KZZ K L W KZ LV LQ / 3 K  )RU HYHU\ Q w O H WX V WW W W W
QQ GHqQH WKH YDULDEOH ) IURP ; ZLWK WKH KHOS RI (TXDWLRQ  E\ VHWWLQJ W
I QQ ( >KZ; @ b +5 Z;  W7 7 W W W￿7 Q )   W ( >K @ b + W7 W
KK Q 77 RQ WKH VHW I65 ! J DQG )  R QW K HV H WI65  J (TXDWLRQ  SURYHV WKDW WKH W W￿7 W￿7 S Q ￿￿ VHTXHQFH I ( >K @ b +  ) J LV &DXFK\ LQ / 3  DQG FRQYHUJHV WKHUHIRUH LQ / 3 W R WW Q w￿ 7 W
S SS
( >K @ b +  ) Z L W K) DU D Q G R PY D U L D E O HL Q) : H O H Wr   KZ b +)DQG ZH WW W W W W W W W W 7
S S W ￿ GHqQH ;   r;  )   6LQFH ERWK KZ DQG ( >K @ b +  ) DUH LQ / 3  ZH NQRZ WW W ￿ 7 W W W 7 W W W
IURP /HPPD  WKDW ; EHORQJV WR () ZLWK Z ;  Z  W￿7 W W
Q (TXDWLRQ  DSSOLHG WR WKH SRUWIROLR ; b ; L Q() SURYHV WKDW W￿7
KL
￿￿ ￿ QQ Q (K Z ;  b Z ;    K Z b Z ;  ( >K @ b +  ) b )  WW W W W W W 77 7 7 W
DQG WKHUHIRUH Z ;  Z DV GHVLUHG 77 ￿
3U RR IR I5H V XO W :H NQRZ VLQFH 6HFWLRQ  WKDW + LV D VXEPDUWLQJDOH DQG +  W
( >+ @ ZKLFK DFFRUGLQJ WR WKH GHqQLWLRQ RI WKH RSWLPDO 6KDUSH UDWLR ZULWHV WV
 
( >K @ ( >K @ K WV 777    (   ( WW KK K 77 7 ￿￿ ￿  6 5   6 5   6 5  W￿7 V￿7 V￿7
DQG 
 K 7  ( W ￿￿  6 5   6 5  W￿7 V￿7
)RU WKH VHFRQG LQHTXDOLW\ OHW = EH WKH SURFHVV GHqQHG IRU V EHWZHHQ W DQG 7 E\ =   V
K ￿ 7 ( >K @ b +   + 65   ,W LV HDV\ WR FKHFN WKDW = LV D VXSHUPDUWLQJDOH WKDW LV ( >= @  V7 V V WV V￿ 7
KK ￿￿ 77 = RU ( >+ 65  @  + 65   WW V W ￿ V￿7 W￿7
3URRIRI5 HVXO W6WDWHP HQWL :H NQRZ IURP 3URSRVLWLRQ  WKDW WKH YDOXH SURFHVV
W RI SRUWIROLR ; LV LGHQWLFDO WR WKH YDOXH SURFHVV RI WKH G\QDPLF SRUWIROLR <   r;  )  WW W￿7
S SS ￿ ZLWK ( >K @ b +  ) LQ / 3 D Q Gr   KZ;  b +)) U R P W L P H V WR KRUL]RQ W7 W W W WW W W
S WV 7  WKH VWUDWHJ\ < LV D G\QDPLF SRUWROLR LQ ; ZKLFK ZULWHV rZ K;  )  R U V￿7 W V W V￿7 V S VW r;  )  Z L W Kr   rK Z  )   ) D Q GZ ;  Z <  7KH FDUHIXO UHDGHU FDQ VV V ￿ 7 V W V V WV V V
S ￿ FKHFN WKDW LQ OLQH ZLWK /HPPD  ( >K @ b + ) LV LQGHHG LQ / 3  VV W 7
:H FRQFOXGH ZLWK 6WDWHPHQW LL RI /HPPD  WKDW WKH UHVWULFWLRQ RI ERWK ; DQG < IURP
V WR 7 LV RQ WKH IURQWLHU () DW WLPH V ZKLFK \LHOGV 6WDWHPHQW L V￿7
6WDWHP HQW L L  7KLV HTXDWLRQ UHVXOWV IURP WKH ODVW HTXDWLRQ RI 6WDWHPHQW LLL RI
/HPPD  WRJHWKHU ZLWK WKH IDFW WKDW )   )  VW
6 WD WH P H Q W LLL 3RUWIROLR < LQYHVWV WKH YDOXH  b p Z ; D WW L P HW LQ WKH VWUDWHJ\ WW
II   7KLV VWUDWHJ\ UHWXUQV 5   Z   Z   5 5 IURP W WR VZ K L F K W￿7 W￿V W￿7 V W￿7 W W￿7 W￿7 V￿7
II \LHOGV WKH YDOXH  b p Z ; 5 5 DW WLPH V% \G H q Q L W L R QR I p DW WLPH V WKLV YDOXH WW V W￿7 V￿7
DOVR ZULWHV  b p Z ;  ZKLFK \LHOGV WKH GHVLUHG UHVXOW VV ￿
K " 7 3URRIRI3URSRVL WL RQ :H qUVW FKHFN WKDW Z ;  4 )  2QWKHVHW I65 ! J WW 7 W￿7 S I "" " ZH KDYH Z ;  r K ) 5 DQG VRPH VLPSOH DOJHEUD VKRZV WKDW WKLV LV LQGHHG WW WW W￿7
KK " 77 HTXDO WR 4 )  2Q WKH VHW I65  J Z ; Z U L W H VZ ( >) @ Z K L F KL VD O V R WW W W 7 W￿7 W W￿7
I K 7 ( >) @ 5  2Q WKLV VHW KRZHYHU ZH NQRZ IURP 6WDWHPHQW L RI 3URSRVLWLRQ  WKDW W W W￿7 S I K "W 7 ( >) @ 54 )  DQG ZH FRQFOXGH DJDLQ WKDW Z ;  4 )  6LQFH KZ;    WW 7 WW 7 W W W W￿7
"" " W " LW LPPHGLDWHO\ IROORZV WKDW Z <  Z  :H QH[W UHPDUN WKDW Z ;  rZ  ) DQG WW 7 WW 7
ZH GHULYH WKDW
S KK "" " 77 ( >Z ; @   r+  ( >K @)   ( >) @ 7W W 7 7 WW W W
{{ /HW ; EH D SRUWIROLR LQ () VXFK WKDW Z ;  Z  :H NQRZ IURP 3URSRVLWLRQ  WKDW W￿7 W W
W {{ WKLV HsFLHQW SRUWIROLR FDQ EH DVVXPHG WR WDNH WKH IRUP ;  { r;  )  IRU WZR UDQGRP W W W￿7
S S S ￿ {{ { YDULDEOHV { r DQG ) LQ ) VXFK WKDW { r   KZ b +)DQG ( >K @ b +  ) LV LQ / 3  WW W WW WW W W W W 7 W
:H FRQVLGHU WKH HTXDOLW\
KL K L K L cd c d ￿ ￿ ￿ "" {{ (K)b Z ;   (K ) b Z <  (KZ <  b Z ;  WW W 77 7 77 7 77 7
ef "" { (K ) b Z < Z < b ;  W7 7 7 7
ef "" { DQG ZH VHHN WR VKRZ WKDW WKH ODVW WHUP (K ) b Z < Z < b ; Y D Q L V K H V  W 77 7 7
"" { 2Q WKH RQH KDQG WKH VWUDWHJ\ < b ; K D V] H U RY D O X HD WW L P HW DQG ZULWHV ) b W SS W" " W {{ { ) b +;   V RW K D WZ < b ;   ) b ) b +Z D Q GR QW K HR W K H UK D Q G WW W ￿ 7 7 W W W 7
uv S
"" " W ) b Z <  ) b ) b r  K Z b 4 )  Z 77 7 W W W 7 WW 7
S WW ￿ )URP WKH HTXDOLWLHV ( >KZ@  + DQG ( >K Z  @   ZH GHULYH WKDW W7 W W7 77
KL SS S
WW (K Z  b +Z  + b +   W7 W W W 77
e S f "W W D Q GZ HD U HO H I WW RV K R ZW K D W(K ) b )  b +Z YDQLVKHV 6LQFH ( >KZ)@  WW W 77 7 7 W 77 S
K4 )  ZH ZULWH WW 7
KL SS S
"W " (K ) b )  b +Z  ( >K)@ b +K 4 )  b ) ( >K @ b +  W77 W W 7 7 W W W7 W 7 W W7 W
I K " 7   ( >K @( >) @ b +5 4)  b ) ( >K @ b +  W7 7 W W 7 W7 W WW W￿7
uu v v
I KK K ￿￿ " 77 7   +  6 5  ( >) @ b 54 )  b 65  ) W7 W 7 WW W￿7 W￿7 W￿7
K " 7 DQG WKLV ODVW WHUP YDQLVKHV E\ GHqQLWLRQ RI ) RQ WKH VHW I65 ! J DQG EHFDXVH W W￿7
I KK 77 ( >) @ 54 ) R QW K HV H WI65  J W 77 W W￿7 W￿7
{{ :H REWDLQ WKDW IRU HYHU\ SRUWIROLR ; LQ () VXFK WKDW Z ;  Z ZH KDYH WW W￿7
KL K L K L cd c d ￿ ￿ ￿ "" {{ (K)b Z ;   (K ) b Z <  (KZ <  b Z ;   WW W 77 7 77 7 77 7
S " ￿ 7KLV HTXDOLW\ SURYHV WKDW Z < E H O R Q J VW R/ 3 K  %\ /HPPD  WKLV LPSOLHV VXFFH 77
S "" ￿ "" VLYHO\ WKDW < LV LQ ; W K D W  ( >K @ b +  ) LV LQ / 3  DQG WKDW ERWK ; DQG < DUH WW W￿7 7 WW
" HsFLHQW SRUWIROLRV LQ ()  ,W DOVR SURYHV WKDW 2SWLPL]DWLRQ 3URJUDP  LV VROYHG LQ <  W￿7
K " " 7 6LQFH ; LV HsFLHQW 6WDWHPHQW L RI/HPPD  GLUHFWO\ \LHOGV 9DU >Z ; @ ,W YDQLVKHV 7 W
KK 77 RQ WKH VHW I65  J D Q GR QW K HV H WI65 ! JL WZ U L W H V W￿7 W￿7
uv ￿ I K K 7 7 ￿ a ( >) @ b 54 )  W 77 65 )  W W￿7 7 W￿7 K K " 7 7 9DU >Z ; @    9DU >) @  7 7 W W KK 77 ￿￿ 65  65  W￿7 W￿7
:H ZULWH
z KL u v S ￿ ￿ "" W (K ) b Z <    (K) b Z ;  b K Z b 4 ) Z W7 7 7 W7 7 7 WW W7 7
KL
￿ ￿ "   K Z b 4 )  (K ) b Z ;  WW W W 77 7 7
KL S
"W b  K Z b 4 ) (K ) b Z ; Z WW W7 W7 7 7 7
7KH ODVW WHUP YDQLVKHV VLQFH
KL K u v L
"W "" WW (K ) b Z ; Z   (K )b ) b rZ Z W7 7 7 W7 7 7W W 7 7
S S
""   K4 )  b +) b r WW 7 WWW
S
"   K 4 )  b Z ;    WW W 7
" 7KLV SURYHV WKDW ; VROYHV 2SWLPL]DWLRQ 3URJUDP  DQG ZH DUH OHIW WR FRPSXWH WKH
KL
KK ￿ "" ￿ " 77 WHUP (K ) b Z ;   ZKLFK LV DOVR 9DU >) b Z ;  @ VLQFH ( >Z ; @   W7 7 7 7 7 7 WW
K 7 ( >) @ 7 W KL
￿ " :H GHFRPSRVH WKH WHUP (K ) b Z ;  DV W 77 7
KL
KK K K K "" 77 7 7 7 9DU >) @9 D U > Z ; @ b ( ) b ( >) @Z ;  b ( >) @ 77 7 7 7 7 WW W W W
KL
KK K K "" W 77 7 7  9DU >) @9 D U > Z ; @ b r( ) b ( >) @Z 77 7 7 WW W W W 7
 S S
K+ WW KK K "" 77 7  9DU >) @9 D U > Z ; @ b r4 )  b ( >) @ 77 W 7 7 W WW W ( >K @ ( >K @ W7 W7
S uv + W I KK K "" 77 7  9DU >) @9 D U > Z ; @ r( >) @ b 54 )   W 77 7 7 W WW W W￿7 ( >K @ W7
ef KK K K "" ￿ 77 7 7 2Q WKH VHW I65  J9 D U > Z ; @   DQG ( ) b Z ;   9DU >) @ 2Q 77 7 7 WW W W￿7
K 7 WKH VHW I65 ! JZ HK D Y H W￿7
uv ￿ I K 7 KL ( >) @ b 54 )  W 77 W W￿7 KK ￿ "" 77 (K ) b Z ;   9DU >) @9 D U > Z ; @ b  W 77 7 7 7 WW K 7 ￿ 65  W￿7
D Q GZ HF R Q F O X G HZ L W K( T X D W L R Q W K D W
KL
K ￿ KK K "" " 77 7 7 ( ) b Z ;   9DU >) b Z ; @  9DU >) @ b 9DU >Z ; @ 77 77 7 7 WW W W
6WDWHPHQW LL LV D FRQVHTXHQFH RI /HPPD  DQG WKH IDFW WKDW () LV D VXEVSDFH RI W￿7
;  ￿ W￿7
$SSHQGL [ WR 6HFWL RQ 
3U R R IR I5H V XO W 6W D W H PH Q W L  :H OHDUQ IURP 3URSRVLWLRQ  WKDW ZH FDQ qQG
W D UDQGRP YDULDEOH ) PHDVXUDEOH ZLWK UHVSHFW WR ) VXFK WKDW ; DQG <   r;  )  WW W W W ￿ 7
S S
VKDUH WKH VDPH YDOXH SURFHVV IURP W WR 7 Z L W KZ   Z ;  r   KZ b +)D Q G WW W W W W W
S ￿￿ W ( >K @ b +  ) LQ / 3  6LQFH WKH / PLQLPXP VWUDWHJ\ ; LV LGHQWLFDO IURP W WR V DV WW W 7
ZH VKRUWHQ WKH KRUL]RQ IURP 7 WR V DQG VLQFH WKH LQWHUHVW UDWHV DUH GHWHUPLQLVWLF ; KDV
W W K HV D P HY D O X HS U R F H V VI U R PW WR V DV D FRPELQDWLRQ RI WKH TXDQWLW\ r RI WKH VWUDWHJ\ ; W
II I DQG WKH TXDQWLW\ )5  5   ) 5 RI WKH GHIDXOW IUHH ]HUR FRXSRQ ERQG ZLWK PDWXULW\ WW W￿V W￿7 V￿7
V 7 K L VV W U D W H J \L VL Q; D Q GZ HF R Q F O X G HZ L W K6 W D W H P H Q W L L R I/ H P P DD S S O L H GZ L W K W￿V
WKH KRUL]RQ 7 VHW WR V WKDW LW LV RQ WKH HsFLHQW IURQWLHU ()  W￿V
K K 7 V 2Q WKH VHW I65  J ZH OHDUQ IURP 5HVXOW  WKDW ZH DOVR KDYH 65   6WDWHPHQW L W￿V W￿7
K 7 RI3URSRVLWLRQ  DSSOLHG VXFFHVVLYHO\ WR KRUL]RQ 7 DQG KRUL]RQ VS U R Y H VW K D W( >Z ; @   7 W
II K V 5Z ; D Q G( >Z ; @   5Z ;  WV W WW ￿ V W￿7
K 7 2Q WKH VHW I65 ! J ZH NQRZ IURP 6WDWHPHQW L RI /HPPD  WKDW W￿7
S I K ￿ 7 65  r5 + W W W￿7 W￿7 I KK ￿ 77 S ( >Z ; @ b 5Z ;  b 65  r   b  WW 7 W W￿7 W￿7 K 7 ￿ ( >K @ K W7  6 5  W W￿7
$V ZH FRQVLGHU WKH VKRUWHU KRUL]RQ V WKLV IRUPXOD EHFRPHV
I K ￿ V 65  r5 W W￿V W￿V I K V S ( >Z ; @ b 5Z ;  b  VW WW ￿ V K V ￿ K  6 5  W W￿V
II I &RPELQLQJ WKHVH WZR HTXDWLRQV WRJHWKHU ZLWK WKH IDFW WKDW 5   55 Z HF R Q F O X G H W￿V W￿7 V￿7
K K ￿ 7 ￿ V uv u v  6 5  65  W￿V W￿7 II I K K V 7 ( >Z ; @ b 5Z ;  5   ( >Z ; @ b 5Z ;   VW 7 W WW ￿ V W V￿ 7 W￿ 7 KK V 7 ￿ ￿  6 5  65  W￿V W￿7
ZKLFK SURYHV 6WDWHPHQW L
6WDWHP HQW L L  /HW ; EH DQ HsFLHQW SRUWIROLR LQ () ZLWK KRUL]RQ V: HN Q R ZI U R P W￿V
￿ 3URSRVLWLRQ  WKDW SRUWIROLR ; FDQ EH LGHQWLqHG ZLWK D EX\ DQG KROG VWUDWHJ\ RI WKH /
PLQLPXP SRUWIROLR ZLWK KRUL]RQ V RQ WKH RQH KDQG DQG D q[HG LQYHVWPHQW LQ WKH ERQG ZLWK
PDWXULW\ V RQ WKH RWKHU KDQG /HW )  EH WKH ULVNOHVV VWUDWHJ\ ZLWK ) DU D Q G R PY D U L D E O H WW ￿ V W T
I ￿ ￿ PHDVXUDEOH ZLWK UHVSHFW WR ) VXFK WKDW ( >K @ b K  5  ) LV LQ / 3  :H H[WHQG WW V W W W W￿V
WKH SROLF\ ; LQWR DQ HsFLHQW SRUWIROLR LQ () LQ WKH IROORZLQJ ZD\ W￿7
2Q WKH RQH KDQG ZH UHLQYHVW WKH SURFHHGV RI WKH PRQH\ PDUNHW LQYHVWPHQW IURP WLPH V
XS WR KRUL]RQ 7 DW WKH ULVN IUHH UDWH 6LQFH LQWHUHVW UDWHV DUH DVVXPHG QRQ VWRFKDVWLF WKLV
FRUUHVSRQGV WR LQYHVWLQJ LQ WKH VWUDWHJ\  IURP WLPH W XS WR KRUL]RQ 7 DQG WKH UHVXOWLQJ W￿7
II I ULVNOHVV VWUDWHJ\ ZULWHV )5  Z L W K)5 PHDVXUDEOH ZLWK UHVSHFW WR ) VLQFH 5 LV WW ￿ 7 W W V￿ 7 V￿7 V￿7
QRQ VWRFKDVWLF
￿ 2 QW K HR W K H UK D Q G Z HS X U V X HW K H/ PLQLPXP VWUDWHJ\ IURP SHULRG V XS WR KRUL]RQ
7 E\ UHLQYHVWLQJ HYHU\ SHULRG X EHWZHHQ V  D Q G7 WKH SURFHHGV RI WKLV VWUDWHJ\ LQ
￿￿ W WKH SRUWIROLR 1S  7KLV FRUUHVSRQGV WR LQYHVWLQJ LQ WKH / PLQLPXP SRUWIROLR ; ZLWK X X
￿ KRUL]RQ 7  1RWLFH WKDW WKLV UHVXOW KROGV EHFDXVH WKH / PLQLPXP VWUDWHJ\ LV GHULYHG LQ WKH
K V PRGLqHG SUREDELOLW\ GLVWULEXWLRQ 3 IRU KRUL]RQ V
$FFRUGLQJ WR /HPPD  WKH UHVXOWLQJ VHOI qQDQFLQJ VWUDWHJ\ LV LQ ; DQG RQ WKH HsFLHQW W￿7
S I ￿ IURQWLHU () LI ZH FDQ VKRZ WKDW ( >K @ b +  )5 LV LQ / 3  ,W UHVXOWV KRZHYHU W￿7 W 7 W W W V￿7
IURP (TXDWLRQ  WKDW
 ￿ K V 65 K WW ￿ V ( >K @ b   K WV W II ￿ 5  5 W￿V W￿V
 ￿ K 7 65W￿7 #$ ( >K @ b +   K WW W 7 I 5 W￿7
II I DQG VLQFH 55   5 ZH GHULYH W￿V V￿7 W￿7
 ￿  K 7 uv 65 ￿ K WW ￿ 7 I ￿ #$ ( >K @ b +  )5   ( >K @ b ) WW W W V 7 W V￿7 IK V ￿ 65 5  W￿V W￿V
T
I K K ￿ 7V ￿ 6LQFH ( >K @ b K  5  ) LQ / 3 D Q G6 5  65 LV DVVXPHG ERXQGHG ZH FRQFOXGH WV W W W￿V W￿V W￿7 S I ￿ WKDW ( >K @ b +  )5 LV LQGHHG LQ / 3  W7 W W ￿ W V￿ 7
$SSHQGL [ WR 6HFWL RQ 
3U RR IR I/H PPD   :H FRQVLGHU WKH IROORZLQJ PDWUL[ $  PHDVXUDEOH ZLWK UHVSHFW WR W
)  W 
K W￿￿ ' b ( >5 @ WW ￿ W ￿￿ W #$ $    W

ZKHUH ' LV WKH GLDJRQDO PDWUL[ W

￿  S  W %&
%&   '    %&  W #$
Q b￿   SW
:H KDYH 
K I W￿￿  b ( >5 @  5 W￿W￿￿ W W￿W￿￿ #$ $S  WW I  5 W￿W￿￿
DQG 
K W￿￿ 5 b ( >5 @ W￿W￿￿ W￿W￿￿ W #$ $    WW ￿￿

￿ b￿ ￿b￿ ￿ ￿ 6LQFH $ LV LQYHUWLEOH LW LV HDVLO\ FKHFNHG WKDW $  1$   $1$D Q G Z H K D Y H W WW WW W W
 ￿ ￿   S1 S W WW K W
￿ b￿ ￿￿ ￿ b ￿   S$ $  1$ $ S WW WW W W W
cd ￿ ￿￿   $S  $1$ $S WW W W WW W
ce f d ￿ ￿￿ ￿   $S  $( K   $ $S WW W W W ￿￿ W￿￿ WW W￿￿ W
ce f d ￿ ￿￿   $S  (K $ $  $S  WW W W ￿￿ WW ￿￿ WW ￿￿ WW
K W￿￿ ￿ DQG VLQFH ( >K) @ ( >) @ ( >K @I R U) VXFK WKDW K)  / 3  ZH GHULYH WW ￿￿ WW ￿￿ W￿￿ W
uv ￿ ef ( >K @ WW ￿￿ K ￿ W￿￿ ￿   $S  ( $ $  $S  WW WW ￿￿ WW ￿￿ WW W K W
6LQFH 
K ￿ W￿￿ uv ￿ ef 9DU >5 @ W￿W￿￿ K W W￿￿ ￿ #$ ( $ $    WW ￿￿ WW ￿￿ W

ZH FRPSXWH
( >K @ WW ￿￿ K I ￿ W￿￿ ￿ 5     6 5  W￿W￿￿ W￿W￿￿ K W
ZLWK
uv uv ￿ KK K K II ￿ W￿￿ ￿ W￿￿ W￿￿ W￿￿ 65    ( >5 @ b 5 9DU >5 @ ( >5 @ b 5 W￿W￿￿ W￿W￿￿ W￿W￿￿ WW W W￿W￿￿ W￿W￿￿ W￿W￿￿
ZKLFK SURYHV WKH qUVW HTXDWLRQ RI /HPPD 
WW ￿ :H NQRZ IURP (TXDWLRQ  RI 3URSRVLWLRQ  ZLWK )  W K D W;   KZ1 S $V DERYH VV V VV V
ZH PDNH XVH RI WKH PDWUL[ $ DQG ZH ZULWH V
ce f d ￿ WW ￿￿ ;   ZK$ ( K $ $  $S VV V ￿￿ VV ￿￿ VV ￿￿ VV VV V
uv ￿ ef K V W ￿ K ￿ V￿￿   Z$ ( $ $  $S VV ￿￿ VV ￿￿ VV VV V ( >K @ VV ￿￿

K I ￿ V￿￿ K W V￿￿ b ' 9DU >5 @ ( >5 @ b 5  ZK V VV ￿ V ￿￿ V￿V￿￿ V V V￿ V￿￿ V #$    KK I I ￿ ￿ V￿￿ V￿￿ K V￿￿ ( >K @5 ( >5 @9 D U > 5 @ ( >5 @ b 5  VV VV ￿￿ V￿V￿￿ V￿V￿￿ V￿V￿￿ V V￿V￿￿ V￿ V￿￿
6LQFH
I ￿ 5  K V V￿ V￿￿    K V￿￿ ￿ ( >K @ VV ￿￿  6 5  V￿V￿￿
WKLV VKRZV WKDW WKH LQYHVWPHQW LQ WKH Q b  ULVN\ VHFXULWLHV LV GHVFULEHG E\ WKH YDOXH YHFWRU
I uv 5 V￿V￿￿ I ￿ WK K V￿￿ V￿￿ b Z 9DU >5 @ ( >5 @ b 5 V￿V￿￿ V￿V￿￿ VV V V￿V￿￿ K V￿￿ ￿  6 5  V￿V￿￿
W ￿ WW 7KH VHOI qQDQFLQJ FRQGLWLRQ DW WLPH V  Z U L W H VZ   ; DQG WKHUHIRUH Z   V V￿￿ V￿￿ V￿￿
W ￿ ￿ ZK 1 S ) R O O R Z L Q JW K HV D P HN L Q GR IF R P S X W D W L R QD VD E R Y HZ HZ U L W H VV VV ￿￿ V
ce f d ￿ WW ￿￿ Z   ZK$  (K $ $  $S VV V ￿￿ VV ￿￿ VV ￿￿ VV ￿￿ VV V￿￿ V
uv ￿ ef K V W ￿ K ￿ V￿￿   Z $  ( $ $  $S  VV ￿￿ VV ￿￿ VV ￿￿ VV VV ( >K @ VV ￿￿
:H FRQFOXGH E\ QRWLQJ WKDW
I ￿ 5  K VV ￿ V ￿￿   K V￿￿ ￿ ( >K @ VV ￿￿  6 5  V￿ V￿￿
DQG
uv ￿ ef I ￿ K ￿ V￿￿ 5 $  ( $ $  $S VV ￿￿ VV ￿￿ VV ￿￿ VV V V￿V￿￿
uv uv ￿ I ￿ KK K V￿￿ V￿￿ V￿￿   ( >5 @ b 5 9DU >5 @ ( >5 @ b 5 V￿ V￿￿ V￿ V￿￿ V￿ V￿￿ V￿V￿￿ VV V V￿V￿￿
ZKLFK \LHOGV WKH ODVW HTXDWLRQ RI /HPPD  ￿
3U RR IR I3U R SR V L W L R Q  )RU HYHU\ SHULRG Y EHWZHHQ W DQG V b  ZH OHW
I ￿ 5  GHI ￿ Y￿ Y￿￿ z   Y K Y￿￿ ￿  6 5  Y￿ Y￿￿
GHI ￿ D Q GZ HG H q Q HW K HS U R F H V V= IURP WLPH W WR WLPH V E\ VHWWLQJ =   K DW SHULRG V DQG VV KL 4 GHI ￿ Vb￿ =   (K zIRU HYHU\ SHULRG X EHWZHHQ W DQG V b  :H HDVLO\ FKHFN WKDW IRU XX V Y Y  X
HYHU\ SHULRG X EHWZHHQ W DQG V b  ZH KDYH
= X   z X ( >= @ XX ￿￿
DQG ZH OHDUQ IURP (TXDWLRQ  ZLWK W   X DQG V   X  W K D W
K X   z X ( >K @ XX ￿￿
6LQFH =   K DQG VV
=K XX   
( >= @ ( >K @ XX ￿￿ XX ￿￿
ZH FRQFOXGH E\ EDFNZDUG LQGXFWLRQ WKDW =   K IRU HYHU\ SHULRG X EHWZHHQ W DQG V DQG XX
LQ SDUWLFXODU =   K  ZKLFK \LHOGV WKH qUVW HTXDOLW\ RI 6WDWHPHQW L WW
)RU WKH VHFRQG RQH QRWLFH WKDW
   Vb￿ Vb￿ <<
K V (K z  (z ( >K @ WV X X W V W
X   WX   W
D Q GZ HF R Q F O X G HZ L W K( T X D W L R Q  
6WDWHPHQW LL LV D VLPSOH DSSOLFDWLRQ RI WKH UHVXOWV DERYH IRU WKH FDVH V   7 DQG 6WDWH
PHQW LLL UHVXOWV IURP WKH IDFW WKDW ZKHQ LQWHUHVW UDWHV DUH GHWHUPLQLVWLF WKH ODZ RI RQH
4 II 7 b￿ SULFH LPSOLHV 5   5  ￿ X   W X￿ X￿￿ W￿7
3U RR IR I5H V XO W ,I K LV GHWHUPLQLVWLF WKHQ DW HYHU\ SHULRG W E H W Z H H QD Q G 7 b 
K W￿￿ WKH PRGLqHG SUREDELOLW\ 3 LV LGHQWLFDO WR 3 DQG P\RSLF RSWLPL]DWLRQ LV G\QDPLFDOO\
RSWLPDO
I ￿ ￿ :H SURYH E\ EDFNZDUG LQGXFWLRQ WKDW K LV LQGHHG GHWHUPLQLVWLF LI   65  5  W￿W￿￿ W￿W￿￿
LV LWVHOI QRQ VWRFKDVWLF HYHU\ SHULRG 1RWLFH qUVW WKDW K   LV GHWHUPLQLVWLF $VVXPH WKDW 7
K W￿￿ K W￿￿ K LV QRQ VWRFKDVWLF :H WKHQ KDYH 3   3 VR WKDW 65  65 DQG IROORZLQJ W￿￿ W￿W￿￿ W￿W￿￿
(TXDWLRQ  ZLWK V   W  
I ￿ 5  W￿W￿￿ K   ( >K @  WW W ￿￿ ￿  6 5  W￿W￿￿
7KLV VKRZV WKDW K LV DOVR GHWHUPLQLVWLF DQG FRPSOHWHV WKH EDFNZDUG LQGXFWLRQ W
7 K HO D V WH T X D W L R QL VDG L U H F WD S S O L F D W L R QR I6 W D W H P H Q W L L L R I3 U R S R V L W L R Q  ￿
5()(5(1&(6
$V K5% 5HDO$ QDO \VLV DQG 3UREDELO LW\ 6DQ 'LHJR $FDGHPLF 3UHVV
%DMHX[^%HVQDL QRX , DQG 53RUWDL W  ?'\QDPLF $VVHW $OORFDWLRQ LQ D 0HDQ^
9DULDQFH )UDPHZRUN 0 DQDJHP HQW6FL HQFH9RO  1R  ^
%L DJL QL ) 3* XDVRQL DQG 0 3UDWHOOL ?0HDQ^9DULDQFH +HGJLQJ IRU 6WRFKDVWLF
9RODWLOLW\ 0RGHOV 0 DW KHP DW L FDO)L QDQFH9RO  1R  ^
' HOEDHQ) 30 RQDW: 6FKDFKHUPD\HU0 6FKZ HL ]HUDQG &6WUL FNHU 
?:HLJKWHG 1RUP ,QHTXDOLWLHV DQG +HGJLQJ LQ ,QFRPSOHWH 0DUNHWV )L QDQFH DQG 6W RFKDV
WLFV  ^
' XIIL H'  DQG +55L FKDUGVRQ  ?0HDQ^9DULDQFH +HGJLQJ LQ &RQWLQXRXV 7LPH
$ QQDO V RI$ SSO LHG 3UREDELO LW\ ^
 )ROOPHU+ DQG ' 6RQGHUPDQQ  ?+HGJLQJ RI1RQUHGXQGDQW &RQWLQJHQW &ODLPV
& RQWULEXWLRQV WR 0 DWKHP DWLFDO(FRQRP LFV$PVWHUGDP 1RUWK +ROODQG ^
* L RYDQQL QL $ DQG 3: HL O  ?5LVN $YHUVLRQ DQG ,QWHUWHPSRUDO 6XEVWLWXWLRQ LQ WKH
&DSLWDO $VVHW 3ULFLQJ 0RGHO 1 % ( 5 : RUNLQJ 3 DSHU 6HULHV
x * RXUL HURX[&  DQG - ^3/DXUHQW  ?'\QDPLF +HGJH LQ 'LVFUHWH 7LPH &5(67
: RUNLQJ 3 DSHU
x * RXUL HURX[ &  - ^3 /DXUHQW DQG + 3KDP  ?0HDQ^9DULDQFH +HGJLQJ DQG
1XPHUDLUH 0 DWKHP DWLFDO)LQDQFH9RO  1R  ^
+DNDQV V RQ 1+D ?0XOWL^3HULRG 0HDQ^9DULDQFH $QDO\VLV 7RZDUG D *HQHUDO 7KH
RU\ RI 3RUWIROLR &KRLFH -RXUQDORI)L QDQFH ^
E ?2Q 2SWLPDO 0\RSLF 3RUWIROLR 3ROLFLHV ZLWK DQG ZLWKRXW 6HULDO &RUUHODWLRQ
RI <LHOGV -RXUQDORI%XVL QHVV ^
+D Q V H Q /3 D Q G 6 )5L F K D U G  ?7KH 5ROH RI &RQGLWLRQLQJ ,QIRUPDWLRQ LQ
'HGXFLQJ 7HVWDEOH 5HVWULFWLRQV ,PSOLHG E\ '\QDPLF $VVHW 3ULFLQJ 0RGHOV (F RQRPH W U L F D
 ^
+DQVVRQ% DQG 0 3HUVVRQ  ?7LPH 'LYHUVLqFDWLRQ DQG (VWLPDWLRQ 5LVN )L QDQ
FLDO$ QDO \VW-RXUQDO  ^
+XDQJ& ^) DQG 5+/L W]HQEHUJHU  5HDO)RXQGDWL RQVI RU)L QDQFL DO(FRQRP L FV
1HZ <RUN 1RUWK+ROODQG
/DXUHQW- ^3 DQG +3KDP  ?'\QDPLF 3URJUDPPLQJ DQG 0HDQ9DULDQFH +HGJ
LQJ )L QDQFH DQG 6W RFKDVW L FV ^
/L '  DQG :  ^/1J  ?2SWLPDO '\QDPLF 3RUWIROLR 6HOHFWLRQ 0XOWLSHULRG 0HDQ
9DULDQFH )RUPXODWLRQ 0 DW KHP DW L FDO)L QDQFH9RO  1R  ^
0H U W R Q  5 &   ?$Q $QDO\WLFDO 'HULYDWLRQ RIWKH (sFLHQW 3RUWIROLR )URQWLHU -RXUQDO
RI)L QDQFL DODQG 4 XDQW L W DW L YH $QDO \VL V ^
0 RQDW3 DQG &6WUL FNHU  ?) ROOPHU6FKZHL]HU 'HFRPSRVLWLRQ DQG 0HDQ9DULDQFH
+HGJLQJ RI *HQHUDO &ODLPV $ QQDO V RI3UREDELO LW\ ^
0 RVVL Q- ?2SWLPDO 0XOWLSHULRG 3RUWIROLR 3ROLFLHV -RXUQDORI%XVL QHVV ^
0 RWRF]\QVNL  0   ?0XOWLGLPHQVLRQDO 9DULDQFH2SWLPDO +HGJLQJ LQ 'LVFUHWH7LPH
0RGHO^$ *HQHUDO $SSURDFK 0 DW KHP DW L FDO)L QDQFH9RO  1R  ^
1 L HOVHQ/ 7 DQG 0 9DVVDORX  ?3RUWIROLR 6HOHFWLRQ ZLWK 5DQGRPO\ 7LPH9DU\LQJ
)LUVW DQG 6HFRQG 0RPHQWV 7KH 5ROH RI WKH ,QVWDQWDQHRXV &DSLWDO 0DUNHW /LQH ,1 6( $ '
: RUNLQJ 3 DSHU
 3KDP +   7 5KHL QODQGHU DQG 0  6FKZ HL ]HU  ?0HDQ9DULDQFH +HGJLQJ IRU
&RQWLQXRXV 3URFHVVHV 1HZ 3URRIV DQG ([DPSOHV )L QDQFH DQG 6W RFKDVW L FV ^
￿  5KHL QODQGHU7 DQG 0 6FKZ HL ]HU  ?2Q / 3URMHFWLRQV RQ D 6SDFH RI 6WRFKDVWLF
,QWHJUDOV $QQDO V RI3UREDEL O L W\ ^
6DPXHOVRQ3 $ ?7KH /RQJ7HUP &DVH IRU (TXLWLHV DQG +RZ ,W &DQ %H 2YHUVROG
-RXUQDORI 3 RUWIRO LR 0 DQDJHP HQW9RO  1R  ^
 6FKDO0  ?2Q 4XDGUDWLF &RVW &ULWHULD IRU 2SWLRQ +HGJLQJ 0 DWKHP DWLFV RI2 SHUD
WL RQV 5HVHDUFK ^
6FKZ HL ]HU 0   ?0HDQ9DULDQFH +HGJLQJ IRU *HQHUDO &ODLPV $ QQDO V RI $ SSO LHG
3 UR EDELOLW\  ^
6FKZ HL ]HU0  ?$SSUR[LPDWLQJ 5DQGRP 9DULDEOHV E\ 6WRFKDVWLF ,QWHJUDOV $QQDO V
RI3UREDELO LW\ ^
6FKZ HL ]HU0  ?9DULDQFH2SWLPDO +HGJLQJ LQ 'LVFUHWH 7LPH 0 DWKHP DWL FV RI2 S
HUDWLRQV 5 HVHDUFK  ^
6FKZ HL ]HU0  ?$SSUR[LPDWLRQ 3ULFLQJ DQG WKH 9DULDQFH2SWLPDO 0DUWLQJDOH 0HD
VXUH $ QQDO V RI3UREDEL O L W\ ^
6KDUSH:  ) ?7KH 6KDUSH 5DWLR -RXUQDORI3RUWI RO L R 0 DQDJHP HQW)DOO ^
7KH L O + ?/LQHDU $OJHEUD DQG 0DWUL[ 0HWKRGV LQ (FRQRPHWULFV +D QG E R R N R I
( FRQRP HWULFV9RO  &KDSWHU  ^
7KRUO H \6 5 ?7KH 7LPH'LYHUVLqFDWLRQ &RQWURYHUV\ )L QDQFL DO$QDO \VW-RXUQDO 
9RO  1R  ^
9 D Q ( D W R Q  ' 5  D Q G - $  & R Q R Y H U  ?0LVFRQFHSWLRQV DERXW 2SWLPDO (TXLW\
$OORFDWLRQ DQG ,QYHVWPHQW +RUL]RQ )L QDQFL DO$QDO \VW-RXUQDO 9RO  1R  ^
